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(57) Abstract: Several genes are upregulated in the lung of asthma or allergy sufferers. Many of the genes up-regulated in asthma 
are involved in argininc metabolism in the lung. Moreover, a set of 291 signature genes was found that can be used to indicate a 
patient's predilection for developing asthma or the patient's degree of suffering. Also, a set of 59 signature genes were found that 
indicate a patient's predilection for developing allergies. Many of the up-regulated genes relating to asthma were from the argininc 
metabolic pathway. Other genes, such as ADAM8, SPRR2A and SPRR2B were also strongly up-regulated in asthma. Treatment of 
asthma may be accomplished by administering compositions which decrease the levels of Arginase I, Arginase II, CAT2, or other 
arginase pathway members in the lung. Additionally, detection of altered levels of these proteins or the mRNA encoding them may 
be useful to diagnose the presence of asthma in a patient. 
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TREATMENT FOR ASTHMA OR ALLERGIES 



Governmental Interest 

[0001] This invention was made with government support under grant number 
R01AI42242-04 from the National Institutes of Health/National Institute of Allergy and Infectious 
Diseases. The government may have rights in the invention. 

Background of the Invention 

Field of the Invention 

[0002] Embodiments of the present invention relate generally to compositions and 
methods designed to aid in the treatment or detection of asthma or allergies. 
Description of the Related Art 

[0003] Asthma, a chronic disorder which causes detrimental, and in some cases, 
potentially fatal pulmonary inflammation affects 15 million Americans and accounts for 
approximately 12.7 billion dollars in health care costs each year. Despite extensive ongoing 
research, asthma is currently on the rise. The inability of researchers to develop an effective 
treatment for asthma is largely due to the complexity of the disease. Discovering effective 
treatments with broad applicability is extremely difficult because asthma derives from a wide 
number of factors. For example, multiple specific inflammatory pathways, many of which are 
poorly understood, are thought to interplay with one another to produce the symptoms that result in 
a diagnosis of asthma in a patient In addition, research is further complicated by the fact that the 
relative importance of those pathways can differ between individual asthma sufferers. 

[0004] Experimentation in the asthma field has largely focused on analysis of the 
cellular and molecular events induced by allergen exposure in sensitized animals (primarily mice) 
and humans. These studies have identified elevated production of IgE, mucus hypersecretion, 
airways obstruction, inflammation and enhanced bronchial reactivity to spasmogens in the 
asthmatic response. Clinical and experimental investigations have demonstrated a strong 
correlation between the presence of CD4 + T helper 2 lymphocytes (Th2 cells) and disease severity 
suggesting an integral role for these cells in the pathophysiology of asthma. Th2 cells are thought 
to induce asthma through the secretion of an array of cytokines that activate inflammatory and 
residential effector pathways both directly and indirectly. In particular, interleukin-4 (IL-4) and 
interleukin-13 (IL-13) are produced at elevated levels in the asthmatic lung and are thought to be 
central regulators of many of the hallmark features of disease. 
Arginine metabolism 

[0005] L-arginine is a semi-essential basic amino acid that is involved in two 
biochemical pathways, the citrulline-nitric oxide (NO) cycle and the urea cycle as illustrated in 
Figure 1. The bulk of the urea cycle occurs in the liver, the main organ containing the full 
enzymatic machinery necessary for the urea cycle. The enzyme arginase is the only urea cycle 
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enzyme that exists in two isoforms (60% amino acid homology), which are encoded by different 
genes on distinct chromosomes, designated type I and type II. Arginase I is a cytoplasmic protein 
that is primarily expressed in the liver; whereas arginase II is a mitochondrial protein expressed in a 
variety of tissues, especially the kidney and prostate. The downstream enzymes ornithine 
decarboxylase (ODC) and L-ornithine amino transferase (OAT) are specifically expressed in the 
cytoplasm and mitochondria, respectively, suggesting coordinated biochemical links for the two 
isoenzymes. 

[0006] Arginase I deficiency in humans results in hyperargininemia and a progressive 
neurological deterioration that is usually fatal. Whereas arginase I deficient transgenic mice die 
within 9-11 days after birth, arginase II deficient mice are grossly normal. One development in the 
past several years concerning L-arginine metabolism was the finding that arginase can be expressed 
in many tissues and cell types following exposure to a variety of cytokines and agents. Of the 
cytokines shown to regulate arginase, IL-4, EL-10, and IL- 13 appear to be the most potent, 
especially in macrophages. Although both arginases are inducible by various stimuli m vitro, 
arginase I appears to be more strongly induced by Th2 cytokines. However, this has not been 
extensively studied in cell types other than macrophages. 

[0007] The exact function of arginase in extrahepatic tissue is not well understood. 
However, the product of arginase, L-ornithine, is a precursor in the production of polyamines (e.g. 
putrescine, spermidine, and spermine) and proline, which control cell proliferation and collagen 
production, respectively. In fact, increased expression of arginase I alone is sufficient to result in 
increased proliferation rates of vascular smooth muscle and endothelial cells. Thus, arginase 
activity is potentially critically linked to cell growth and connective tissue production, notably, both 
of these processes are hallmark pathological features of chronic asthma and allergies (Figure 1). 

[0008] In addition to being metabolized to L-ornithine, L-arginine is also a precursor 
of NO, a free radical molecule involved in a wide range of biological processes. NO is formed from 
L-arginine by the enzyme NOS. Three isoforms of NOS have been described. NOS1 and NOS3 
are constitutively expressed and their activity is calcium dependent. NOS1 is expressed in neurons 
and is thought to have a role in neurotransmission, whereas NOS3, or endothelial NOS, has a role in 
smooth muscle relaxation and bronchodilation. NOS2, inducible NOS (iNOS), is calcium- 
independent, and is up-regulated in response to inflammatory mediators such as endotoxin and 
interferon-y, leading to the production of large amounts of NO. 

[0009] The diagram in Figure 1 illustrates the role of cationic amino acid transporter - 
2 (CAT2) in the arginase pathway. Extracellular L-arginine is required for sustained NO and Lr 
ornithine generation from L-arginine, implicating an important role for L-arginine transport through 
the plasma membrane. Among the several transport systems that mediate L-arginine uptake, 
system y + is widely expressed and considered the major L-arginine transporter in most cells and 
tissues. Encoded by cationic amino acid transporters CAT1, CAT2, and CAT3, system y + is a Na + - 
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independent high affinity cationic amino acid transport system. With the exception of the liver, 
CAT1 is expressed virtually ubiquitously and is required for viability, whereas CAT2 is expressed 
in a more restricted number of tissues; CAT3 is primarily expressed in the brain. 

[0010] Due to differential splicing of two exons, CAT2 mRNA exists in two isoforms: 
CAT2A, a low affinity transporter that is expressed primarily in the liver, and the high affinity 
CAT2 (CAT2B). CAT1 and -2 are homologous proteins that lack a signal peptide but contain 12 
transmembrane spanning domains with an intracellular amino-terminus. Interestingly, CAT2 was 
originally cloned from lymphoma cell line cDNA and was named Tea (T cell early activation 
factor), because it is induced early in the response of normal T cells to mitogens. However, the role 
of CAT2 in T cell immune responses has not yet been reported but preliminary studies have 
indicated an important role for this molecule in experimental autoimmune encephalitis. The first 
indication that CAT2 may be involved in critically regulating substrate availability for iNOS or 
arginase was the finding that pro-inflammatory molecules (e.g. lipopolysaccharide [LPS]) regulate 
CAT2 expression. In contrast, cat- J is a "housekeeping" gene that is not induced under conditions 
that induce CAT2. A further interesting relationship has been established by the finding that 
eosinophil cationic proteins inhibit L-arginine uptake by macrophages. Recent analysis of CAT2- 
deficient mice has revealed that sustained NO production in macrophages requires CAT2. The 95% 
decrease in L-arginine uptake by CAT2 deficient macrophages, indicates that CAT2 is the major L- 
arginine transporter in macrophages. 

[0011] CAT2 was originally cloned from lymphoma cell line cDNA and was named 
Tea (T cell early activation factor), because it was induced early in the response of normal T cells to 
mitogens. (MacLeod et aL, J Exp Biol, 196:109-21 (1994)). However, previous studies on the role 
of CAT2 in immune responses have been primarily limited to its effects on NO production 
(Nicholson et al., J Biol Chem, 276:15881-5 (2001)). It was thus important to further characterize 
exactly which CAT2 isofonn is expressed in the asthmatic lung. CAT2 is expressed as two separate 
isoforms depending upon the specific utilization of exon 7 (Type 2B) or exon 8 (Type 2A) 
(Nicholson et al., J Biol Chem, 276:15881-5 (2001)). CAT2A has a lower affinity for L-arginine 
and is thought to be mainly expressed in the liver (MacLeod et al., J Exp Biol 196:109-21 (1994)). 

[0012] Because incidence of asthma and allergies are on the rise, research leading to a 
better understanding and treatment of this disease is needed. Thus, what is needed in the art are 
new methods of treating an individual suffering from asthma or allergies, new methods for 
detecting individuals at risk for asthma or allergies, and new methods for phenotyping patients (e.g. 
predicting their prognosis and response to treatment). 

Summary of the Invention 

[0013] One embodiment of the invention is a method of treating asthma or allergies in 
a patient, that includes: identifying an individual in need of treatment for asthma or allergies; and 
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administering a molecule that is capable of decreasing the production of a protein involved in 
arginine metabolism. 

[0014] Another embodiment is a method of detecting the presence of asthma or 
allergies in a patient that includes: measuring the levels a product produced from at least one gene 
involved in arginine metabolism from the patient; measuring genetic variabilities (in expression or 
gene sequence) from a product produced from at least one gene involved in arginine metabolism; 
and comparing the measurement to measurements obtained from control individuals, wherein a 
patient exhibiting higher levels of the at least one gene as compared to the control individuals is 
determined to have asthma or allergies. 

[0015] Yet another embodiment is a therapeutic composition for the treatment of 
asthma or allergies that includes an arginase inhibitor in a pharmaceutically acceptable carrier. 

[0016] Still another embodiment is a therapeutic composition for the treatment of 
asthma or allergies, comprising an inhibitor of CAT2 activity in a pharmaceutically acceptable 
carrier. 

[0017] One additional embodiment is a method of identifying individuals at risk for 
asthma or allergies that includes: identifying an individual who does not yet exhibit symptoms of 
asthma or allergy, measuring the levels of a product produced from a gene in the arginase pathway; 
and comparing the levels of product to measurements obtained from control individuals, wherein a 
patient exhibiting elevated levels of the product is determined to be at risk for asthma or allergies. 

[0018] Another embodiment is a method of treating asthma or allergies in a patient 
that includes: identifying an individual in need of treatment for asthma or allergies; and 
administering a molecule that is capable of decreasing activity of ADAMS protein in the patient 

[0019] An additional embodiment is a method of treating asthma or allergies in a 
patient by identifying an individual in need of treatment for asthma or allergies; and administering a 
molecule that is capable of decreasing activity of SPRR2A, SPRR2B or related SPRR family 
member proteins in the patient. 

[0020] One other embodiment is a method of determining a patient's risk for 
developing asthma that includes: providing a biological sample from the patient; and determining 
the expression level in the biological sample of a subset of the genes shown in Table 1, wherein an 
increased level of expression of the subset of the genes in comparison to a control biological sample 
is indicative that the patient has an increased risk for developing asthma. 

[0021] Yet another embodiment is a method of determining a patient's risk for 
developing allergies by: providing a biological sample from the patient; and determining the 
expression level in the biological sample of a subset of the genes shown in Table 2, wherein an 
increased level of expression of the subset of the genes in comparison to a control biological sample 
is indicative that the patient has an increased risk for developing allergies. 
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[0022] One other embodiment is a method of discovering a compound that is effective 
for treating asthma or allergies that includes: providing a candidate compound; determining whether 
the compound inhibits arginine metabolism, wherein inhibition of arginine metabolism is indicative 
that the compound is effective for treating asthma or allergies. 

Brief Description of the Drawings 

[0023] Figure 1 provides a schematic of the arginine metabolism pathway. 

[0024] Figure 2A provides a schematic representation of one embodiment of the 
allergen challenge protocol. Mice received two intraperitoneal injections with ovalbumin (OVA) 
(100 ^) and alum (1 mg) on days 0 and 14. . Subsequently, mice were challenged with OVA (50 
^g) or saline intranasally and analyzed 3 hours or 1 8 hours after the 1 st or 2 nd allergen challenge. 

[0025] Figure 2B is a bar graph illustrating a quantitative analysis of the eotaxin-1 
signal for saline and ova-treated mice. Error bars represent the standard deviation. 

[0026] Figure 3 is a Venn diagram that illustrates the overlap of induced genes at 
specific phases of experimental asthma in OVA-treated mice. 

[0027] Figure 4 is a Venn diagram that illustrates the overlap of genes induced by the 
allergens OVA and Aspergillis fumigatus antigen in mice. 

[0028] Figure 5 illustrates the expression of arginine metabolizing enzymes. 
Expression of arginase I and iNOS in allergen-challenged mice as measured by gene chip analysis 
is shown in Figures 5A and 5B, respectively. The average difference for the hybridization signal 
following saline (grey bar) and allergen (black bar) challenge is depicted. Error bars represent the 
standard deviation. Time points are: 3H- 1 challenge, 3 hours; 18H- 1 challenge, 18 hours; 2C- 2 
challenges, 18 hours; asp- aspergillus. A schematic representation of the arginine metabolism 
pathway is shown in Figure 5C. Genes not present on the gene chip array are depicted with a white 
box, genes present but not significantly increased with a grey box and significantly increased genes 
with a black box. In Figure 5D, arginase activity in the lungs of saline and OVA-challenged mice is 
shown. Arginase activity was measured in lung lysates using the blood urea nitrogen reagent. As a 
control, arginase activity in the liver was 1522 ± 183 and 1390 ± 78 for saline and OVA challenged 
mice, respectively. 

[0029] Figure 6 is a bar graph illustrating the induction of ADAM-8 in allergen- 
challenged mice, as measured by gene chip analysis. The average difference for the hybridization 
signal of ADAM-8 following saline (grey bar) and allergen (black bar) challenge is depicted. Error 
bars represent the standard deviation. Time points are: 3H- 1 challenge, 3 hours; 18H- 1 challenge, 
18 hours; 2C- 2 challenges, 18 hours. 

[0030] Figure 7 shows the Expression of l^arginine metabolizing enzymes arginase I 
(Figure 7A), arginase II (Figure 7B), CAT2 (Figure 7C) in ovalbumin (OVA) and Aspergillus 
fumigatus (Asp)-challenged mice as measured by gene chip analysis. The average difference for 
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the hybridization signal following saline (grey bar) and allergen (black bar) challenge is depicted. 
Error bars represent the standard deviation. 

[0031] Figure 8 illustrates the regulation of arginase by IL-13 and STAT6. Figure 8A 
is a bar graph showing a kinetic characterization of IL-13 induced airway hyperresponsiveness 
(AHR) and arginase mRNA levels in the lung. Mice (n=4-10/group) received one dose of 
intratracheal IL-13 (10 |xg) or PBS and were analyzed at various time points for AHR, reported as 
Penh (for 25 mg/ml of methacholine, which gave the maximum response). In the lower panel, lung 
RNA was converted to cDNA and used for PCR analysis of arginase I (Arg I), arginase II (Arg II), 
or control hypoxanthine phosphoribosyltransferase (HPRT). The lane labeled "control" does not 
contain cDNA template. Figure 8B is a bar graph illustrating arginase activity in the lungs of saline 
and OVA-challenged wild-type (WT) and STAT6-deficient (STAT6-KO) mice. Arginase activity 
was measured in lung lysates using the blood urea nitrogen reagent. 

[0032] Figure 9 is a schematic representation of the method used to determine 
involvement of CAT2 (and in particular, CAT2A versus CAT2B isoforms) in experimental asthma. 
CAT2 was amplified by RT-PCR from lungs of allergen-challenged mice and subcloned into the 
pCR2.1 vector. Subsequently, clones were digested with EcoRI or EcoRUBamW in order to 
differentiate CAT2A and CAT2B subtypes, respectively. 

[0033] Figure 10 is a plot illustrating Arginase I protein expression in human asthma. 
Fiberoptic bronchoscopy of allergic asthmatics and healthy controls was conducted, and BALF was 
analyzed for arginase I immunohistochemistry. The number of immunopositive cells, expressed as 
a percentage of total cells, is shown. 

[0034] Figures 11A and 11B are line graphs showing the results of treating lung 
lysates with N(omega>hydroxy-L-arginine (NOHA). Figure 11 A illustrates hi vitro treatment of 
lung lysates from ovalbumin challenged mice with NOHA. Figure 1 IB illustrates in vitro treatment 
of transgenic mice that overexpress interleukin 4 with NOHA. 

[0035] Figure 12 is a line graph showing the results of airway hyperreactivity 
measurements (recorded as Penh) in asthmatic mice (IL4/EL5 bitransgenic lung mice) treated with 
intratracheal NOHA. 

Detailed Description 

[0036] Embodiments of the invention relate to the discovery of genes involved in 
asthma and allergy. Thus, one embodiment of the invention relates to the discovery of a set of 291 
"signature" genes (Table 1) that were found to be consistently regulated in asthma models of 
disease. In addition, a subset of 59 genes (Table 2) were found to be consistently elevated in 
various allergic diseases irrespective of the tissue involved (lung vs. intestine), providing a 
generalized genetic "signature" of allergy. Accordingly, patients can be genotyped for expression 
or genetic variability in each of these signature genes to determine their risk for developing asthma 
or allergy. Moreover, patients suffering from asthma or allergies can be tested for expression of the 
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signature genes in order to more accurately predict their prognosis and responses to treatment 
regimes. Additionally, each of the genes can be targeted for possible drug intervention/treatment of 
allergic disease. 

[0037] While embodiments of the invention relate to determining a patient's risk for 
developing asthma or allergies by comparing the patient's expression level of asthma or allergy 
signature genes to the levels shown in Tables 1 and 2, an exact correlation is not required to be 
within the scope of the invention. For example, a determination that a patient only exhibits 
increased expression of some of the signature genes is still indicative of a patient's risk for 
developing allergies or asthma. Thus, a biological sample that is taken from a patient and is 
determined to have increased expression of, for example, 1, 5, 10, 20, 30 ,40, 50, 60, 70, 80, 90, 95 
or 100 percent of the signature genes may still be determined to be at risk for allergies or asthma. It 
is the combination of the gene expression pattern, along with the expression level of each gene, of 
the signature genes that indicates a person's risk for developing allergies or asthma. For this 
reason, the scope of the invention is not limited to determining a patient is at risk for asthma by 
matching expression levels of all 291 asthma signature genes. Similarly, it is not required to match 
the expression levels of all 59 allergy signature genes in order to determine that a patient is at risk 
for developing allergies. For similar reasons, it is not necessary for a patient's gene expression 
profile to exactly match the allergy signature genes, or asthma signature genes in order to predict an 
existing patient's prognosis or responses to treatment regimes. 

[0038] In addition, embodiments of the invention relate to the discovery of the 
relationship between the pulmonary arginase pathway and asthma. The methods disclosed herein 
were used to elucidate the involvement of the arginase pathway in both experimental asthma and in 
human asthma. An increased level in expression of several important arginase metabolism genes, 
including those encoding CAT2, arginase I, and arginase II proteins was strongly associated with 
asthma and allergy. It was also discovered that arginase induction by EL-4/IL-13 signaling is not 
just a marker of allergic airway responses, but that arginase is involved in the pathogenesis of 
multiple aspects of asthma. Accordingly, modulation of these arginase pathway genes or their 
products can be used to devise therapeutic and diagnostic strategies for treating asthma or allergies. 

[0039] Embodiments of the invention also relate to the discovery that significant 
arginine metabolism occurs by arginase, and that this process has important ramifications on the 
manifestations of asthma and related diseases. As such, the arginine metabolism pathway 
represents an important therapeutic intervention strategy for the treatment of all allergic lung 
diseases. Manipulating the arginase pathway by inhibiting arginase activity itself, or by inhibiting 
the action of other arginase pathway members, is anticipated to provide a useful asthma treatment. 
Additionally, manipulation of the pulmonary arginase pathway may be useful for preventing the 
onset of asthma. Also, analyzing the genes involved in arginine metabolism can be used to 
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diagnose the presence of asthma or allergies by quantitating of the levels of asthma metabolism 
pathway enzymes or products. 

[0040] Another embodiment of the invention relates to the discovery that one of the 
signature genes, ADAM8, was very strongly associated with asthma and allergies. Thus, 
embodiments of the invention include kits, systems, and methods for diagnosing asthma by 
determining the level of ADAM8 in a patient In addition, a treatment for asthma or allergy by 
administration of a therapeutically effective amount of a compound that inhibits ADAMS is 
anticipated. An example of one such compound is batimastat (BB-94) as described in Schlomann, 
et aL, J Biol Chem 2002 Dec 13;277(50): 48210-9. Accordingly, an embodiment of the invention 
is the treatment of asthma or allergies by administering to a patient a therapeutically effective 
amount of batimastat 

[0041] Another embodiment of the invention relates to the discovery that the signature 
genes included a family of molecules not previously associated wife asthma called small proline 
rich proteins (SPRR), specifically SPRR2A and SPRR2B. The SPRR protein family is known to be 
involved in the differentiation and growth of cornified skin epithelium (Tesfaigzi J, Carlson DM, 
Cell Biochem Biophys 1999;30(2):243-65, Expression, regulation, and function of the SPR family 
of proteins. A review). 

[0042] SPRR2A AND SPRR2B were very strongly associated with asthma and 
allergies. In addition, wild type mice treated with IL-13, which is thought to be a central regulator 
of asthma, caused markedly increased levels of lung SPRR2 (data not shown). 

[0043] Thus, embodiments of the invention include kits, systems, and methods for 
diagnosing asthma by determining the level and variabilities (genetic or protein levels) of SPRR 
proteins or genes in a patient In addition, a treatment for asthma or allergy by administration of a 
compound that modulates SPRR protein function is anticipated. 

[0044] The initial determination of the genes upregulated during asthma pathogenesis 
was shown by a microarray analysis procedure performed on mice treated with various types of 
allergens, as described below. 

Microarray Analysis of Gene Expression from Animals Undergoing Experimental Asthma 

[0045] DNA microarray profile analysis of mice undergoing experimental asthma, as 
disclosed herein, has revealed unprecedented insight into the complex pathways involved in disease 
pathogenesis. The determination that asthmatic responses involve the dynamic expression of ~6% 
of the tested genome, indicates that a vast number of gene products contribute to disease 
pathogenesis. Allergic lung responses were found to involve both a common set of "asthma 
signature genes" as shown in Table 1, and also, unique gene transcript profiles depending upon the 
mode of disease induction. Multiple genes not previously implicated in asthma were identified, 
exemplified by the elucidation of a pathway involving metabolism of arginine via CAT2 and the 
arginase enzyme pathway. 
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[0046] In order to reproducibly and accurately identify genes differentially expressed 
in a well established model of asthma, mice were intraperitoneal^ sensitized with the allergen 
ovalbumin (OVA) in the presence of the adjuvant alum on two separate occasions separated by 14 
days (Figure 2A and Example 1). Subsequently, replicate mice were challenged with intranasal 
OVA or saline (control) on two occasions separated by 3 days. Eighteen hours after the last 
allergen challenge, one lobe of the murine lung was subjected to histological analysis and the 
remainder of the lungs was used for RNA analysis. As expected, histological analysis revealed that 
the allergen challenged mice had marked eosinophil-rich inflammatory response, as previously 
reported (Rothenberg, M.E., MacLean, J.A., Pearlman, E., Luster, A.D., and Leder, P. 1997. 
Targeted disruption of the chemokine eotaxin partially reduces antigen-induced tissue eosinophilic 
J Exp Med 185:785-790). 

[0047] In order to verify the presence of allergen induced mKNA transcripts, RNA 
was subjected to Northern blot analysis and analyzed for induction of the chemokine eotaxin-1, 
which has previously been shown to be significantly induced by allergen challenge (Rothenberg, et 
al., 1997, supra). The finding that the allergen-challenged lungs had abundant eotaxin-1 mRNA 
levels, whereas saline treated mice had very low levels, verified the experimental induction 
protocol. 

[0048] Next, the RNA was subjected to microarray analysis utilizing the 
AFFYMETRIX chip U74Av2 that contains oligonucleotide probe sets representing 12,422 genetic 
elements (Example 2). The microarray data was further analyzed according to the methods 
provided in Example 4. 

[0049] Comparison of the two saline challenged mice to each other and comparison of 
the two allergen challenged mice to each other revealed ^1% of the genes changing > 2-fold. An 
analysis of present genes in a scatter plot revealed relatively few points outside of the 2-fold 
boundaries. In contrast, pairwise comparison of allergen challenged mice to saline challenged mice 
revealed a >2-fold change in 6.5±0.8% of the genes. As indicated, eotaxin-1 was reproducibly 
identified in the allergen-induced genes (Figure 2B). Quantitative analysis of average difference 
signal for eotaxin-1 between allergen and saline revealed a 25-fold induction (P = 0.001). 
Collectively, this data validated the experimental analysis and illustrated the potential value of the 
scientific approach employed; thus, providing the impetus for the next set of experiments. 
Genetic Control of Asthma: Genes Expressed and Overlapping Induced Genes 

[0050] Additional experiments were performed to define the pattern of lung mRNA 
transcripts in a larger set of mice during acute and chronic phases of the experimental asthma 
regime. The hypothesis was that a unique set of genes would be induced acutely after the first 
allergen challenge compared to a later time point after the second challenge. First, an early time 
point (3 hours) after the first allergen encounter was analyzed, based on the reasoning that this 
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analysis would provide insight into the initial responses to allergen exposure in the lung. Indeed, 
only 100 genes were induced by early encounter with allergen (Figure 3). 

[0051] Next, the genes induced 18 hours after the first allergen challenge were 
analyzed. At this later time point, there was a progressive induction of 132 genes, many of which 
were not evident acutely after allergen challenge. Indeed, 41 of the early activation genes remained 
elevated; whereas 91 additional genes increased (Figure 3). Unlike the acute time point, there was 
not a unique "genetic signature" compared with genes induced 18 hours after two allergen 
challenges. In fact, most genes that were induced 18 hours after the first allergen challenge, were 
further increased following the second challenge. 

[0052] The characterization of genes induced during the relatively "chronic" phase of 
experimental asthma was undertaken in order to provide important insight into the pathogenesis of 
chronic allergic lung responses. Indicative of an expansion in the adaptive immune response, 
during the chronic phase of experimental asthma, immune-related genes predominated in the 
increased group (44%) compared to the decreased group (4.4%). In contrast, genes involved in 
development and homeostasis composed the majority of the decreased genes (54%), while only 
comprising 20% of the increased genes. 

Comparison of Allergen Specific Genes: OVA vs. Asperigillus Induced Asthma 

[0053] The next focus was the comparison of global transcript profiles in two 
independent models of asthma. Accordingly, experimental asthma induced by Aspergillus 
fumigatus antigens was analyzed because this model involves a unique mucosal sensitization route 
(intranasal) compared with the OVA model (Huang, W.W., Garcia-Zepeda, E.A., Sauty, A., 
Oettgen, H.C., Rothenberg, M.E., and Luster, A.D. 1998. Molecular and biological characterization 
of the murine leukotriene B 4 receptor expressed on eosinophils. J. Exp. Med. 188:1063-1074). and 
because Aspergillus fitmigatus is a ubiquitous and common aeroallergen. Importantly, both asthma 
models have similar phenotypes including Th2 associated- eosinophilic inflammation, mucus 
production, and airway hyperresponsiveness. Eighteen hours after nine doses of intranasal 
Aspergillus fumigatus allergen challenge, lung RNA was subjected to the same microarray and data 
processing analyses as that performed 18 hours after the last OVA challenge. Compared with mice 
challenged with intranasal saline, Aspergillus fumigatus challenged mice had 527 genes induced 
(Figure 4). 

[0054] The majority (63% of OVA and 61% of Aspergillus) of the induced transcripts 
overlapped between the two experimental asthma models, however, 182 (37% of the 496 genes 
increased following two OVA challenges) and 208 (39% of genes increased by Aspergillus) genes 
were unique for the OVA and Aspergillus fumigatus models, respectively. 

[0055] Comparing the genes induced by both asthma models revealed specific 
dysregulation of genes upstream of several signaling pathways such as 12-lipoxygenase in the OVA 
model. Thus, despite roughly similar asthma phenotypes, the two independent asthma models were 

-10- 



ONSDOCID- <WO 03073990A2 I > 



WO 03/073990 PCT/US03/06183 
characterized by a large number of uniquely dysregulated genes. This indicates that individual 
allergic airway inflammatory states are likely to have largely divergent genetic signatures and 
operational pathways. 

Experimental asthma is associated with induction of genes involved in L-arginine metabolism. 

[0056] The results identified a set of 291 genes (Table 1) that were commonly 
involved in disease pathogenesis, rather than unique to a particular allergen or mode of disease 
induction. These asthma signature genes provide a valuable opportunity to define new pathways 
involved in the pathogenesis of allergic airway inflammation. As one example, the high level of 
transcripts for genes involved in metabolism of L-arginine was striking. 
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ribonucleotide reductase M2 


100772 g^at 


j./4/jJ / j 


J .7OJUJ 1 0 


Y171 50 

I 1 / 1 J7 


Ivmnhocvte antigen 57 


100lDo__at 


o 707COOO 


< 17R49S1 


"MM 008566 


mini chromosome maintenance 
deficient 5 


lU2oo4_at 


Q 930496Q 


S 047907 


MM 010566 


inositol nolvnho^nhate-5- 
phosphatase. 145 kDa 


98772 at 


3.2060094 


9.574579 


NM 009141 


SCYB5 fLIX) 


ybo5y_at 


•3 loiQii/;'? 
j.iyjj40j 


1 77^61 Jtt 
j. / /jOI Oj 


M00054 


fflucose der>endent insulinotroDic 
polvpeDtide 


93465 at 


3.1908364 


2.0911632 


AK020278 


EST 


102697_at 


3.24J5oDj 


C A*7C A 
DU / JU 


>J\A 010^40 


nltAcnlintiHvlinAQitnl trancfpr 

protein, beta 


i 1\ A C A O —4- 

104548_at 


«3 1 QCQ£.f\A 

3.1o5ooU4 




IN1V1__UU5'*TJH 


LUU1U1 "dtippi Cbalilg 

ciihchrnmoQnmal trAn^ferahle 
fragment 3 


160446_at 


3.0992258 


2.0170536 


U46068 


von Ebner minor salivary gland 
nrotein mRNA 


92918 at 


3.2433689 


3.870666 


U66079 


coagulation factor VII 


00096 at 


1 00^0570 

J.U7JWJ /~ 


2 6117299 


AB001489 


EST 


98034_at 


3.0988965 


2.399438 


NM_010387 


histocompatibility 2, class II, locus 
Mbl 


103441_at 


3.1662524 


2.6342456 


NM_007788 


casein kinase II, alpha 1 related 
sen nen ce 4 


lniR^s ; at 

1 M 1 oOo_l_at 


J. uo /jyHl 


3 2774441 


NM 010388 


lii^tncnmnatiKilifv 9 oIjicq TT 1at*iiq 

Mb2 


104065_at 


3.104958 


2.903548 


AB042828 


EDEM, similar to alpha- 
mannosidase 


103418 at 


3.0449538 


4.5369325 


BC003335 


EST 


103201 at 


3.1155026 


2.5040376 


NM 009445 


Ttk protein kinase 
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102892_at 


2.965567 


2.3691757 


t to i r\/\ t\ 

U31908 


potassium voltage-gated channel, 
shaker-related subfamily, beta 
member 2 


1 A 1 AO A •** 

101020 at 


*? AO 1 ^O j< O 

3. 0216243 


4.072408 


"V T> iT AAAAAA 

NM 009982 


cathepsin C 


102372 at 


2.962975 


4.9571853 


n^AA/"AA y 

BC006026 


immunoglobulin ioinine chain 


96295_at 


2.980223 


4.0674667 


BC004827 


DNA segment, Chr 8, ERATO Doi 
814, expressed 


t no Aon .a. 

103089 at 


2.977104 


r\ t\*ir\*i /too 

2.9797423 


X53526 


CD48 antigen 


160663 at 


O AAr\1 o /* 

3.0093396 


o oo ion 

3.73139 


* O ft ft 

BC011308 


EST 


160119 at 


*\ /\*> MA 1 if 

2.93570 14 


2.8572135 


"KTTk AX AAHA 1 

NM 007961 


TEL oncogene 


104547 at 


3.0306945 


2.5664012 


J00388 


dihvdrofolate reductase cene 


162198 f at 


2.930065 


A« 4 A AAA 

3.8110802 


NM 009139 


SCYA6 (C10. MRP-n 


98948 at 


2.913645 


O O 1 AfAAA 

2.3195322 


BE914613 


EST 


92472 I at 


2.915114 


O ^1 Ail 1 

2.61941 


*V T~\ ft < ■« A ft ft 

NM 011408 


schlafen 2 


92232_at 


2.943417 


3.4743614 


NMJ)07707 


cytokine inducible SH2-containing 
protein 3 


101878 at 


2.8530445 


4.578556 


NM 007654 


CD72 antieen 


94294 at 


2.7738435 


2.6131907 


NM 007630 


cvclin B2 


AFFX- 

TransRecMur/ 

t r ^ ?m /-\ A tT\ Tfc AT a 

X57349 M at 


2.8628469 


39776.668 


NM_011638 


transferrin receptor 


102809 s at 


2.7613506 


2.1943572 


BC011474 


Ivmnhocvte protein tyrosine kinase 


99973_s_at 


2.749837 


5.1267667 


NMJH9664 


potassium inwardly-rectifying 
channel, subfemilv J. member 15 


103205 at 


2.698056 


3.892967 


NM 016921 


T-celL immune regulator 1 


9742 l_at 


2.7415438 


2.267686 


NMJ)08017 


fibroblast growth factor inducible 
16 


95148 at 


2.6961179 


2.801927 


NM 016895 


adenylate kinase 2 


95032_at 


2.7158015 


6.0467033 


BC005475 


DNA segment, Chr 7, ERATO Doi 
348. expressed 


95532 at 


2.7031207 


2.6633081 


BG070246 


EST 


98035 g at 


2.6737032 


2.1324506 


NMJH0387 


histocompatibility 2, class H, locus 
MM 


161103 at 


2.6972256 


7.9766407 


BG064768 


EST 


1 r\0 Z'zfo, 

103662 at i 


o /*o> i n i J 

2.6623814 


ft o y ft ft 

2.36007 


NM 008677 


neutrophil cytosolic factor 4 


1 A/1 /I ^vl « 

104464 s at 


2.6995 1 49 


2.8936243 


BC0 11472 


EST 


160298 at 


2.70 1 887 


2.6409597 


AK011256 


EST 


1 /TOO AlT J _ - 

I62206_f_at 


2.6395 1 87 


2.7735467 


NMJ)07707 


cytokine inducible SH2-containing 
protein 3 


102310 at 


O f f\ ft ft A ^1 

2.622947 


ft #\ft a c\ m i~ 

2.9848456 


NM 009137 


SCYA22 fABCD-n 


y©433_at 


2.5899887 


2.410541 


BC002031 


BH3 interacting domain death 
agonist 


99974_at 


2.6164083 


6.7606096 


NM_0 19664 


potassium inwardly-rectifying 
channel subfamily 1 1 member 15 


104099 at 


2 6075976 




TsJTiyf f\(\QA(\1 
XNIVI VyjyHyjZ 


peptidoelycan recognition protein 


104147 at 


2.568291 


2.4725318 


NM 053179 


sialic acid synthase 


101506_at 


2.5859814 


2.4086373 


NMJ)21336 


U2 small nuclear ribonucleoprotein 
nolyneDtide A 1 


103203 f at 


2.611314 


4.093791 


W29450 


EST 
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03 1 1 0 at 

y j 1 1 ^_ai 


2 5585814 


3 6827056 


NM 008564 

X 1111 V/ V w W 1 


mini chromosome maintenance 
deficient 2 


at 

l u*ru" /_ at 


2 586194 


4.50625 


U89795 


budding uninhibited by 
benzimidazoles 1 liomoloe 


yyooy at 


7 5426898 


9 9998266 


NM 008495 


lectin, galactose binding, soluble 1 


001/10 of 

at 


? 646517S 


4 2806926 


NM 025863 ! 


EST 


wzdzo at 


9 535973 


4 4882274 


NM 010877 


neutrophil cvtosolic factor 2 


1 nooo^ at 


? 511 1451 


2 1284976 


NM 009578 


zinc finger protein, subfamily 1 A, 1 
fllcaros^ 


yZoJJ at 


2 515559 


5 7817793 


NM 010401 

1 ll» i V/ AVIV 


histidine ammonia lyase 


oo^ah f at 


") 5182536 


2 2194166 


Z67748 


spermidine synthase gene 


00 £7 ^ at 


2 4970362 


4 8684945 


NM 022325 


cathepsin Z 


94jZ l_at 


9 5898051 


2 196383 


NM 009878 


cycl in-dependent kinase inhibitor 
2D fpl9, inhibits CDK4) 


IU2/4o at 


7 5555553 


3.159657 


NM 007976 


coagulation factor V 


98026 g at 


2.4942427 


2.6773672 


NM 010161 


ecotropic viral integration site 2 


104155 t at 




3 0195077 


Til Q1 1 8 


activating transcriTxtion factor 3 


1 04606 at 


9 A761A6 


2 9692168 

a..7U7^ 1 \JO 


"MM 013706 


CD52 antigen 


yj4zj at 




2 26199 


NM 009787 


calcium binding protein, intestinal 


1 fiOQ 1 A e at 


9 4644232 


2 763536 


TJ23778 


hematopoietic- specific early- 
response Al-b 


100322 at 


2.506151 


3.7979157 


U68543 


immunoglobulin kappa chain 


101561 at 




^ ^6H£1 17 




m p»f q 1 1 r\f"Vi i rw\ t p»n TT 
IIlCLd-llULIllUIllCi] JJL 


9420 S at 




9 199^^57 




FST 


92978_s_at 


2.5112484 


57173.336 


NM_011111 


serine (or cysteine) proteinase 

iiihihitnr claHp "VK rnvfllhiirnin^ 

11I111UILU1, VJaUC U \\J ValU UXiiili^j 

member 2 


yoyoo at 


9 4667591 


3 6377416 

J.Oj / /HID 




mvoQin Vfl 

niyvjoxxi v a 


c at 


2 409471 


9 98^3458 


U23781 


hematoDoietic-soecific earlv- r 
response Al-d 


inno^^ at 


2 4169822 


2 8062625 


NM 026024 


EST 




2 3913658 


2 5653691 


NM 007651 


CDS 3 antigen 


94831 at 


2.3831258 


2.396902 


M65270 


EST 


yom/ at 


9 3919983 


Z., / tOU 1 7v 


AC002397 


EST 


07/1 AC ot 

y /*foo at 


9 37381 5 


9 054054 


NM 016904 


CDC28 nrotein kinase 1 


yy^jj at 


9 1R94167 


9 1954718 


M80778 


OniniH recentor rfeita 1 


07*377 of 

y /jz /_at 


9 3735939 


9 9973487 


>JM 007999 


flan otriictiire ^necific 
endonuclease 1 

V11UUUUVJWUJW X 


102851 s at 


2.338283 


2.0963266 


NM 013545 


hemopoietic cell phosphatase 


Q^60R at 




3 330935 


NM 007798 


cathen^in R 


at 


2 3 1 66697 

Z>. J 1 UUU7 f 


2 6697729 


NM 010161 


ecotronic viral integration site 2 


000^1 at 


9 3099425 


3 3240612 


M36579 


M-caveolin 


98822_at 


2.3430436 


3.46114 


NM_015783 


interferon-stimulated protein (1 5 
kDai 


103016 s at 


2.2778614 


3.1853485 


NM 009853 


CD68 antigen 


102156 f at 


2.2706146 


3.39309 


M80423 


immunoglobulin kappa chain 


104701 at 


2.257285 


3.2854443 


NMJH1498 


basic helix-loop-helix domain 
containing, class B2 
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100981_at 


2.2/0 to 1 1 


A 7A£1 1A 
4. /U0134 


1NJV1__UU6J J 1 


iiiiciici uii'iiiuiiuou piuLcni wjui 
t^tmtricA'neofiHp rpneat^ 1 

iwu au iuu |^ nub i&p&ciLo i 


98603 s at 


7 1A 1 C< 1 A 

2.2415^10 




UZUOJ / 


RNA1 hnmnlnp rFimH 


92913_at 


7 oAo^nn^ 

Z«Z*HOUUJ 




NM 011994 

1 ^1 1YJL ul 17 7*t 


ATP-bindine cassette sub-familv D 
CALD1 member 2 


102957 at 




Z. 1 j iy*ro 


, Rm0694R 


lvmnhncvte AvtnQAlir nrntein 2 


101221 at 


2.219952 


2.729755 


BG065737 


EST 


160314 at 


2.21ojy!>4 




INIV1 UZOHOo 


LZ/O 1 


96963_s_at 


2.2737944 


J.4ZOJ / /o 


T 1 zl^<7 4 


L/\j\. reapuiiMvc CICIIICIU UlllUlIlg 

protein 107 


98572_at 


2.2201126 


2.0962021 


NM_026400 


DnaJ (Hsp40) homolog, subfamily 

JJ , UldliUwI J. 1 


95348 at 


2.2361295 


7 £C7701 

/.oo /Zyi 


xnv/f nnp.176 

1N1VI UV/O I f\J 


PYPT 1 fGRO-l'* 


103562X at 


2.1999772 


2.oo54io 


MZOUUj 


t"r*i info r\ ' TV/frtiicp ^n/^rvcr<>nr\iic 
iruncaLcu., lVIUUaC CllUUH,cnUub 

reixovirus xruncaieu gdg pruicm, 

CUmuiCLC UUd, OIUIlw UCJ CUV- 1 J.l. 


96319 at 


O 1A11 C*7© ' 

2.1911578 


1 A1QOA1 1 


xjXif fi7Q77'3 
iNJVl UZJ)ZZJ 


L/C 11 U1VIML/IJ UywlC llUlIlUJUfc 


96602 s at 


O 1 AO Crt 1 C 

2.1935015 


7 A7AAAAQ 


fNM UZjZOo 


quicscm v,/o 


102353 at 


2.1822197 


3.2570171 


NM 008404 


inteerin beta 2 


94367 at 


2.1611505 


O t\CC\C AC 

2.059546 


NM U3U/Z4 


uridine-cvtidine kinase 2 


97894 at 


2.162856 


2.2836409 


A *C1 AAflAC 


XT "D7 1 /"7 1 IrT^o TDD \\\rt* nm+^»^n^ 

I LrJr Z 1 ( Z 1 -KUa 1 Jt>Jr-UKe Droiein I 


Q89Q6 at 


2. 16009 J 


2.2494b!) 5 


T 70^170 


scnue/iiireoniiie Kinase i o 


99632_at 


2.1773741 


3.8635976 


NM_019499 


MAD2 (mitotic arrest deficient, 
nomoiogi-iiKe I 


104527 at 


2.15 /zo 


7 A00771A 

z.uyyj / 14 


JNJVL U11ZJ4 


D AH^I l-» r\fry r\\r\rr 


95706 at 


Z.13J!>Zi 


A fiQA£1 7il 


"RT41 




160496_s_at 


2.125215 


2.1330795 


X62154 


mini chromosome maintenance 
uciicient 


97733 at 


2.1404c /Z 




INlvi UU/hIj 


aucnubinc /\zu rcccpior 


98436 s at 


2.1127503 


2.2659311 


U54803 


adenylosuccinate synthetase 


96357_at 


2.110278 


2.6390922 


MM_023142 


actin related protein 2/3 complex, 
suDunu ij3 (41 Kua) 


92567 at 


2.099979 


2.7503965 


NM 007737 


procollasen. type V. aloha 2 


93861_f_at 


2.1034112 


7 i n/Ai oc 
2.1940186 


Ml 7327 


Mouse endogenous murine 
leukemia virus modified polytropic 
provirus uvi/\ 


95803_at 


z.iuoyz.* 


Z.0jZ4Zj 


Do /yoo 


protein tyrosine pnospnacase, non- 
receptor tvpe substrate 1 


93250 r at 


2.124497 


2.4762044 


NM 008252 


hi eh mobility proup box 2 


100328 s at 


7 1 OQ1 i£l 7 

2.13olol2 


7 1/177 1 ©£ 

2,3473186 


XTTV A Al 1 AAA 

nm onoyu 


paired-Ie-like receptor A3 


160246. at . 


7 AAA© 1 


7 AC001 1 O 

2.0582118 


15 /"t AAA AAA 


Col 


103614_at 


7 1 A/17 1 • 

2.10421O 


7 >i 1 771 c 
2.412715 


X7TV /f A1 d A f\Q 

NM_u 1 y4Uo 


nuclear factor of kappa light 
polypeptide gene enhancer in B- 
cells2 o49/nl00 

Wild I ^7/ U 1 V-/ V 


161984 f at 


2.093358 


2.7761269 


AK019448 


orocollaeen. tvpe III. alpha 1 


93167 fat 


2.0522046 


3.1834278 


AF303744 


oxidized LDL receptor fLox-1") 


95159 at 


2.0587687 


2.1079147 


AK010250 


MroslSb 


97824 at 


2.0229275 


2.1522021 


NM 026631 


EST 



-18- 



BNSDOCID: <WO 03073990A2 I > 



WO 03/073990 PCT/US03/061K3 



Systematic 


OVA- 

NnrmflliypH 

iiUf iiiaii&vu 


Asp- 
Nnrmalized 


Genbank 
Accession 
Number 


Gene Description 


103625_at 


2.0461566 


2.641253 


NMJJ54070 


AFG3(ATPase family gene 3)- 
likel 


161345 f at 


2.0326214 


2.405795 


NM 007825 


cytochrome P450, 7bl 


93495 at 


2.0277393 


2.0939586 


NM 016764 


peroxiredoxin 4 


93860_i_at 


2.0132427 


2.0345182 


M17327 


Mouse endogenous murine 
leukemia virus modified polytropic 
Drovirus DNA 



[0057] As indicated in Table 1, arginase I (Genbank Accession NMJJ07482), arginase 
II (Genbank Accession NMJ)09705), and the L-arginine transporter cationic amino acid transporter 
CAT2 (Genbank Accession NM_007514) were strongly induced. Other enzymes involved in L- 
arginine metabolism, such as argininosuccinate synthetase, L-ornithine decarboxylase and L- 
ornithine aminotransferase were not significantly different between saline and allergen-challenged 
mice. Interestingly, microarray analysis revealed very specific dysregulation of arginase compared 
with nitric oxide synthase (NOS). For example, the hybridization signals for endothelial NOS and 
neuronal NOS were below background in the saline and allergen-challenged lung (data not shown). 
While the inducible NOS (iNOS) mRNA was detectable under most conditions, it did not change 
significantly between saline and allergen challenge. 

[0058] Northern blot analysis (Example 3) next determined that there was a time and 
dose-dependent induction of arginase I during the progression of OVA-induced experimental 
asthma; arginase I was induced 18 hours after the first allergen challenge and even higher following 
two allergen challenges. Additionally, while arginase II mRNA induction was weaker than 
arginase I, it was induced earlier in the evolution of experimental asthma. For example, arginase II 
was readily detectable 3 hours after the first allergen challenge. Furthermore, Northern blot 
analysis demonstrated that CAT2 was induced by allergen challenge, with expression already 
notable 3 hours after the first allergen challenge. The iNOS mRNA was weakly detectable and was 
not significantly induced by OVA challenge. Additionally, compared with mice challenged with 
nine doses of intranasal saline, Aspergillus yw/wga/itf-challenged mice had marked expression of 
arginase I, arginase n, and CAT2. Consistent with the results in the OVA model, there were only 
low levels of induction of iNOS mRNA. Thus, the induction of arginase and CAT2 by allergen 
challenge was not specific to the antigen employed but appeared to be part of the genetic program 
of experimental asthma. 

[0059] In addition, Table 2 illustrates genes that were found to be strongly up- 
regulated in a model of gastrointestinal allergies by the methods described in Example 14. 
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1 Common 
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94330 at 


Npl 


NM 028749 


N-acetvlneuraminate pyruvate lvase 


99578 at 


Top2a 


NM 011623 


topoisomerase fDNA) II alpha 


102782 at 


54304l6A05Rik 


NM 024242 


RIKEN cDNA 543041 6A05 gene 


94761 at 


Ccl7 


X70058 


chemokine CC-C motif) ligand 7 


161968 f at 


CmkbrS 


D83648 


chemokine ( C-O receptor 5 


92742 at 


Cclll 


U77462 


small chemokine fC-C motif) lieand 1 1 


102736 at 


Ccl2 


M19681 


chemokine CC-C motif) lieand 2 


102204_at 


Mafb 


BC038256 


v-maf musculoaponeurotic 
fibrosarcoma oncogene family, protein 
B (avian) 


101024 i at 


Sprr2a 


AJ005559 


small proline-rich protein 2A 


99701 f at 


Sprr2b 


AJ005560 


small proline-rich protein 2B 


101025 f at 


Sprr2a 


AJ005559 


small proline-rich protein 2A 


102860_at 


Serpina3g 


BC002065 


serine (or cysteine) proteinase inhibitor, 
clade A, member 3G 


103362_at 


Ptger4 


NM_008965 


prostaglandin E receptor 4 (subtype 
EP4) 


103715 at 


Scin 


NM 009132 


scinderin 


92251 f at 


Ifi204 


NM 008329 


interferon activated eene 204 


92780 f at 


env 


M90535 




93871 at 


Illrn 


L32838 


interleukin 1 receptor antagonist 


102877 at 


Gzmb 


NM 013542 


eranzvme B 


98500 at 


Illrll 


D13695 


interleukin 1 receptor-like 1 


102712 at 


Saa3 


X03505 


serum amvloid A 3 


94774 at 


Ifi202a 


NM 008327 


interferon activated eene 202A 


100325 at 


Gp49a 


NM 008147 


glycoprotein 49 A 


92286 e at 


114 


NM 021283 


interleukin 4 


92217 s at 


Go49b 


U05265 


glycoprotein 49 B 


103226 at 


Mrcl 


NM 008625 


mannose receptor, C type 1 


93776 at 


1500001L15Rik 


BC023770 


RIKEN cDNA 1500001L15 eene 


103210_at 


Csf2rb2 


NM_007781 


colony stimulating factor 2 receptor, 
beta 2, low-affinity (granulocyte- 
macrophage) 


92832_at 


/Tit 

Cishl 


NMJ)09896 


cytokine inducible SH2-containing 
protein 1 


99958 at 


Mcpt2 


NM 008571 


mast cell protease 2 


94375 at 


Hk2 


Y11666 


hexokinase 2 


98772 at 


CxclS 


NM 009141 


chemokine fC-X-C motif) lieand 5 


98034 at 


H2-DMbl 




nisiocompatiomtv class LL locus Mol 


104696 at 


Ctse 


AJ009840 


cathepsin E 


98948 at 


MGC46970 


NM 153547 


hypothetical protein MGC46970 


93411 at 




BG974696 


ESTs 


9'2232_at 


Cish3 


NMJJ07707 


cytokine inducible SH2-containing 
protein 3 


95673_s_at 


Baspl 


AK011545 


brain abundant, membrane attached 
sienal protein 1 


104333 at 


G7e-pending 


U69488 


G7e protein 
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161103 at 




BG064768 


ESTs 


100062_at 


Mcmd 


BC031700 


mini chromosome maintenance 
deficient (S. cerevisiael 


162206_f_at 


Cish3 


NM_007707 


cytokine inducible SH2-containing 
protein 3 


98433 at 


Bid 


BC002031 


BH3 interacting domain death aeonist 


160469 at 


Thbsl 


M62470 


thrombosDondin 1 


98045 s at 


Dab2 


NM 023118 


disabled homoloe 2 (Drosophila^ 


104155 f at 


Atf3 


BC019946 


activating transcription factor 3 


101561 at 
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Arginase increases in asthma 

[0060] It was also discovered that, following induction of experimental asthma, there 
was a marked increase in lung arginase activity. Consistent with the absence of arginase mRNA in 
the lung of control mice, the level of arginase activity in the saline-challenged lung was close to 
background. As a control, arginase activity in the liver was 1522 ± 183 nmol/min/mg protein and 
1390 ± 78 nmol/min/mg protein for saline and OVA- challenged mice, respectively. 

[0061] Thus, it appears that arginine is metabolized by arginase, at least in part, in the 
asthmatic mouse lung. Furthermore, the variable levels of NO seen in asthma may be an indirect 
manifestation of arginase activity, an enzyme that functionally inhibits NOS by substrate depletion 
(Morris, S.M., Jr. Annual Review of Nutrition 22, 87-105 (2002); Mills, CD. Crit Rev Immunol 21, 
399-425(2001)). 

[0062] In addition, due to the discovery that arginase I and arginase II are upregulated 
during asthma, it is possible to target drugs to a variety of reactants and products in the arginase 
pathway to provide a treatment for asthma and allergies. For example, the downstream products of 
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arginase are polyamines and proline which regulate cell growth and connective tissue remodeling. 
These pathways are known to be involved in the pathophysiology of asthma. Inhibiting any part of 
the arginase pathway is likely to inhibit the asthma or allergies. 
Arginase I mRNA in situ Hybridization 

[0063] In order to begin to address the cellular sources of these molecules, mRNA in 
situ hybridization for arginase I was performed, as show in Example 7 below. The hybridization 
signal of the arginase I antisense (AS) and sense (S) probes was determined for OV A/alum 
sensitized mice challenged with two doses of OVA or Saline. Tissue was analyzed 18 hours after 
the second saline or allergen challenge. Antisense staining of asthmatic lung revealed strong levels 
of arginase I in the perivascular and peribronchial pockets of inflammation. No specific staining 
with the sense probe in OVA challenged mice was seen. Hybridization of the antisense and sense 
probes in saline challenged lung was comparable to background. There was a specific staining of 
the antisense probe to a sub-population of large mononuclear cells with abundant cytoplasm most 
consistent with macrophages. A sub-population of eosinophils expressed arginase I to a lesser 
extent In addition, the antisense probe hybridized to alveolar macrophages and submucosal spindle 
shaped cells (consistent with myofibroblasts or smooth muscle cells). 

Treatment Or Prevention Of Asthma or Allergies By Administering Compositions That 
Decrease Or Inhibit Arginase In The Lung 

[0064] One embodiment of the invention is a method for inhibiting asthma by 
administering to an individual in need of treatment therefore a therapeutically effective amount of 
an arginase inhibitor (Examples 15-20). For example, the L-Arginine transporter CAT2 and L- 
ornithine decarboxylase (ODC), an enzyme downstream from Arginase, are targets for therapeutic 
treatment. Difluoromethylornithine (DFMO), for example, which is an inhibitor of ODC, could be 
a useful treatment for inhibiting asthma or allergy (Examples 17-19). Therefore, an embodiment of 
the invention is the treatment of asthma or allergy with difluoromethylornithine (DFMO), a known 
inhibitor of ornithine decarboxylase (ODC). Further embodiments of the invention include the 
administration of an effective dose of DFMO to an individual suffering from asthma or allergy. 

[0065] As used herein, anti-arginase compounds are compounds that inhibit or reduce 
the effect of arginase. In one embodiment, the arginase inhibitor is a small molecule or an antisense 
inhibitor of a gene involved in the arginase pathway. 

[0066] In another embodiment of the invention, the arginase inhibitor is an arginase I 
or an arginase II inhibitor. The arginase inhibitor is preferably administered to the lung of the 
individual but other modes of treatment are anticipated. Preferable inhibitors of arginase are small 
molecules, such as, for example, N(omega)-hydroxy-L~arginine (NOHA), N-hydroxy-nor-L- 
arginine, (nor-NOHA) and boronic acid based transition state analogues such as 2(S)-amino-6- 
boronohexanoic acid (ABH) and S-(2-boronoethyl>L-cysteine (BEC). Other inhibitors are 
described by Que, et al. (Nitric Oxide. 2002 Feb;6(l):l-8). As indicated in Example 15, it appears 
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that NOHA blocks arginase activity in the asthmatic lung and in Example 20, it blocks the 
development of allergen-induced airway hyperesponsiveness. Thus, one embodiment of the 
invention is the treatment of asthma by administration of a therapeutically effective amount of 
NOHA. 

[0067] In addition, some of the NO synthase inhibitors block the arginine transporter 
CAT2 and thus are anticipated to reduce the effects of asthma by lowering the available levels of 
arginine. Accordingly, an embodiment of the invention is the treatment of asthma or allergy by 
administering to an individual with asthma or allergies an effective dose of a compound that 
reduces the level or function of Arg I, Arg H, or CAT2 in the individual. 

[0068] Another embodiment of the invention is a therapeutic composition for the 
treatment of asthma or allergies, comprising an arginase inhibitor in a pharmaceutical^ acceptable 
carrier. Other embodiments include inhibitors therapeutic compositions comprising ADAM8 
inhibitors in a pharmaceutical^ acceptable carrier. Such inhibitors of ADAMS can change the 
conformation or structure of ADAM8 by, for example, converting ADAM8 from a transmembrane 
to a soluble form. 

[0069] As used herein the term "treaf * or "treatment" refer to both therapeutic 
treatment and prophylactic or preventative measures ,wherein the object is to prevent or slow down 
(lessen) an undesired physiological change or disorder, such as the development or spread of 
cancer. The term "treaf also refers to the characterization of the type or severity of disease which 
may have ramifications for future prognosis, or need for specific treatments. For purposes of this 
invention, beneficial or desired clinical results include, but are not limited to, alleviation of 
symptoms, diminishment of extent of disease, stabilized (i.e., not worsening) state of disease, delay 
or slowing of disease progression, amelioration or palliation of the disease state, and remission 
(whether partial or total), whether detectable or undetectable. "Treatment" can also mean 
prolonging survival as compared to expected survival if not receiving treatment Those in need of 
treatment include those already with the condition or disorder as well as those prone to have the 
condition or disorder or those in which the condition or disorder is to be prevented. 

[0070] Therapeutic formulations of the anti-arginase or anti-ADAM8 compounds are 
prepared for storage by mixing anti-arginase compounds having the desired degree of purity with 
optional physiologically acceptable carriers, excipients, or stabilizers (Remington: The Science and 
Practice of Pharmacy, 19th Edition, Alfonso, R., ed, Mack Publishing Co. (Easton, PA: 1995)), in 
the form of lyophilized cake or aqueous solutions. Acceptable carriers, excipients or stabilizers are 
nontoxic to recipients at the dosages and concentrations employed, and include buffers such as 
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular 
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or 
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates 
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including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as 
mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic surfactants such as 
Tween, Pluronics or polyethylene glycol (PEG). 

[0071] An anti-arginase, anti-CAT2, or anti-ADAM8 compound to be used for in vivo 
administration must be sterile. This is readily accomplished by filtration through sterile filtration 
membranes, prior to or following lyophilization and reconstitution. The compound ordinarily will 
be stored in lyophilized form or in solution. 

[0072] Therapeutic anti-arginase, anti-CAT2, or anti-ADAM8 compounds generally 
are placed into a container having a sterile access port, for example, an intravenous solution bag or 
vial having a stopper pierceable by a hypodermic injection needle. 

[0073] The route of compound administration is in accord with known methods, e.g. 
injection or infusion by intravenous, intraperitoneal, intracerebral, subcutaneous, epicutaneous, 
intranasal, intratracheal, nebulized, intramuscular, intraocular, intraarterial, intracerebrospinal, or 
intralesional routes, or by sustained release systems as noted below. 

[0074] Suitable examples of sustained-release preparations include semipermeable 
polymer matrices in the form of shaped articles, e.g. films, or microcapsules. Sustained release 
matrices include polyesters, hydrogels, polylactides (U.S. 3,773,919, EP 58,481), copolymers of Lr 
glutamic acid and gamma ethyl-L~glutamate (Sidman et dL 9 Biopofymers, 22: 547-556 (1983)), poly 
(2-hydroxyethyl-methacrylate) (Langer et al, J. Biomed Mater, Res., 15: 167-277 (1981) and 
Langer, Chem. Tech, 12: 98-105 (1982)), ethylene vinyl acetate (Langer et al, supra) or poly-D- 
(-)-3-hydroxybutyric acid (EP 133,988). Sustained-release compounds may also include 
liposomally entrapped compositions. Liposomes containing compound are prepared by methods 
known per se: DE 3,218,121; Epstein et al, Proc. Natl Acad ScL USA, 82: 3688-3692 (1985); 
Hwang et al, Proc. Natl Acad Sci USA, 77: 4030-4034 (1980); EP 52,322; EP 36,676; EP 88,046; 
EP 143,949; EP 142,641; Japanese patent application 83-118008; U.S. 4,485,045 and 4,544,545; 
and EP 102,324. Ordinarily the liposomes are of the small (about 200-800 Angstroms) unilamelar 
type in which the lipid content is greater than about 30 mol. % cholesterol, the selected proportion 
being adjusted for the optimal therapy. 

[0075] Anti-arginase, anti-CAT2, or anti-ADAM8 compounds can also be 
administered by inhalation. Commercially available nebulizers for liquid formulations, including 
jet nebulizers and ultrasonic nebulizers are useful for administration. Liquid formulations can be 
directly nebulized and lyophilized powder can be nebulized after reconstitution. Alternatively, 
these compounds can be aerosolized using a fhiorocarbon formulation and a metered dose inhaler, 
or inhaled as a lyophilized and milled powder. 

[0076] An "effective amount" of a compound to be employed therapeutically will 
depend, for example, upon the therapeutic objectives, the route of administration, the type of 
compound employed, and the condition of the patient Accordingly, it will be necessary for the 
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tlierapist to titer the dosage and modify the route of administration as required to obtain the optimal 
therapeutic effect. Typically, the clinician will administer the compound until a dosage is reached 
that achieves tlie desired effect. The progress of this therapy is easily monitored by conventional 
assays,.. 

[0077] In tlie treatment and prevention of asthma or allergies by an anti-arginase, anti- 
CAT2, or anti-ADAM8 compound, the compound will be formulated, dosed, and administered in a 
fashion consistent with good medical practice. Factors for consideration in this context include the 
level of asthma/allergy being treated, the clinical condition of the individual patient, the site of 
delivery of the compound, die particular type of compound, the method of administration, the 
scheduling of administration, and other factors known to medical practitioners. The 
"therapeutically effective amount" of such a compound to be administered will be governed by such 
considerations, and is the minimum amount necessary to prevent, ameliorate, or treat asthma. Such 
amount is preferably below die amount that is toxic to the host or renders tlie host significantly 
more susceptible to infections. 

[0078] As a general proposition, the initial pharmaceutical^ effective amount of the 
anti-arginase or anti-ADAM8 compound administered parenterally will preferably be in the range 
of about 0. 1 to 50 mg/kg of patient body weight per day, with the typical initial range of compound 
used being preferably 0.3 to 20 mg/kg/day, and more preferably 0.3 to 15 mg/kg/day. The desired 
dosage can be delivered by a single bolus administration, by multiple bolus administrations, or by 
continuous infusion administration of the compound, depending on the pattern of pharmacokinetic 
decay that the practitioner wishes to achieve. 

[0079] As noted above, however, these suggested amounts of compound are subject to 
a great deal of therapeutic discretion, including the individual type of compound being used. The 
key factor in selecting an appropriate dose and scheduling is tlie result obtained, as indicated above. 
For example, the compound may be optionally formulated with one or more agents currently used 
to prevent or treat asthma. The effective amount of such otiier agents depends on the amount of the 
compound present in the formulation, the clinical level of the asthma, and other factors discussed 
above. These are generally used in the same dosages and with administration routes as used 
hereinbefore or about from 1 to 99% of the heretofore employed dosages. 

Treatment of Asthma or allergies by increasing arginase in particular tissues while decreasing 
arginase in other tissues 

[0080] Yet another embodiment of tlie invention includes increasing the levels of 
arginase in particular tissues of a patient in order to provide a protective response. This relates to 
the fact that increasing arginase will decrease NO production by functionally (directly or indirectly) 
inhibiting NO synthase. Because NO oxidative products induce a variety of inflammatory 
responses, arginase production in the lung may be protective in ternas of decreasing NO-dependent 
inflammation, but damaging in terms of chronic changes in tlie lung (e.g. smooth muscle cell 
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growth and fibrosis). One embodiment of the invention includes administering to a patient a 
compound that increases arginase in specific cell types in the lung (macrophages), but decreases 
arginase in other cells (endothelial cells, fibroblasts, smooth muscle) in the lungs. 
Screening For Molecules That Interact Or Bind With The Arginase I, Arginase II, CAT2, or 
ADAMS Genes Or Proteins 

[0081] Other embodiments of the present invention provide methods of screening or 
identifying proteins, small molecules or other compounds which are capable of inducing or 
inhibiting the expression of the arginase I genes and proteins. The assays may be performed in 
vifro using transformed or non-transformed cells, immortalized cell lines, or in vivo using 
transformed mammalian cells. In particular, the assays may detect the presence of increased or 
decreased expression of arginase I genes or arginase I proteins on the basis of increased or 
decreased mRNA expression, increased or decreased levels of arginase I protein, or increased or 
decreased levels of expression of arginase pathway products such as putrescine or ornithine. 
Additionally, biological fluid from the respiratory tract (e.g. lung extracts, sputum, bronchoalveolar 
lavage fluid) or blood samples (white blood cells) can be assayed for arginase activity and then 
screened for inhibitors of this enzymatic activity. 

[0082] For example, isolated cells known to express arginase I polypeptide, or 
transformed to express an arginase I polypeptide, are incubated and one or more test compounds are 
added to the medium. After allowing a sufficient period of time, e.g., anywhere from 0-72 hours, or 
longer, for the compound to induce or inhibit the expression of arginase I, any change in levels of 
expression from an established baseline may be detected. 

[0083] Additional embodiments of the present invention provide methods for 
identifying proteins and other compounds which bind to, or otherwise directly interact with, the 
arginase I protein. The proteins and compounds will include endogenous cellular components 
which interact with arginase I in vivo and which, therefore, provide new targets for pharmaceutical 
agents, as well as recombinant, synthetic and otherwise exogenous compounds which may have 
arginase I binding capacity and, therefore, may be candidates for inhibiting the asthma response. 

[0084] Thus, in one series of embodiments, high throughput screen (HTS) protein or 
DNA chips, cell lysates or tissue homogenates may be screened for proteins or other compounds 
which bind to the arginase I gene/protein, arginase II gene/protein, Cat2 gene/protein, or ADAMS 
gene/protein Alternatively, any of a variety of exogenous compounds, both naturally occurring 
and/or synthetic (e.g., libraries of small molecules or peptides), may be screened for arginase I 
binding capacity. 

[0085] In various embodiments, an assay is conducted to detect binding of arginase I, 
arginase n, cat2, ADAMS and another moiety. The arginase I, arginase II, cat2, ADAM8 in these 
assays may be any polypeptide comprising or derived from a normal or mutant arginase I protein, 
including functional domains or antigenic determinants of arginase I, arginase II, cat2, or ADAM8 
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fusion proteins. Binding may be detected by non-specific measures (e.g., transcription modulation, 
altered chromatin structure, peptide production or changes in the expression of other downstream 
genes which can be monitored by differential display, 2D gel electrophoresis, differential 
hybridization, or SAGE methods) or by direct measures .such as immunoprecipitation, the 
Biomolecular Interaction Assay (BIAcore) or alteration of protein gel electrophoresis. The 
preferred methods involve variations on the following techniques: (1) direct extraction by affinity 
chromatography; (2) co-isolation of arginase I components and bound proteins or other compounds 
by immunoprecipitation; (3) BIAcore analysis; and (4) yeast two-hybrid systems. 

[0086] Additional embodiments of the present invention provide methods, of 
identifying proteins, small molecules and other compounds capable of modulating the activity of 
normal or mutant arginase I, arginase D, cat2, or AD AM 8. 

[0087] Additional embodiments of the present invention provide methods . of 
identifying compounds on the basis of their ability to affect the expression of arginase I, arginase II, 
cat2, or ADAMS, the activity of arginase I, the activity of other arginase I-regulated genes, or the 
activity of proteins that interact with normal or mutant arginase I proteins. Methods of identifying 
compounds with activity toward the arginase I gene or the arginase I protein may be practiced using 
normal cells, or recombinant cells, or using the murine experimental asthma models as herein 
described. 

[0088] In accordance widi another aspect of the invention, the proteins of the 
invention can be used as starting points for rational chemical design to provide ligands or other 
types of small chemical molecules. Alternatively, small molecules or other compounds identified by 
the above-described screening assays may serve as "lead compounds" in design of modulators of 
arginase I pathways in mammals. 

Detection And Quantitation Of Arginase Can Be Used To Diagnose Asthma or allergies In A 
Patient 

[0089] Another embodiment of the invention is a method for detecting asthma in an 
individual by measuring the level of arginase in the individual's biological fluid/tissue (e.g. lung, 
sputum, bronchoalveolar fluid, blood, plasma, urine, or nasal secretions/washes). Levels of 
arginase that are greater than normal are indicative that the individual has asthma. In addition, the 
levels of arginase may be a phenotypic marker with diagnostic value. For example, patients with 
elevated arginase activity, may have a stronger likelihood of allergic etiology, recent allergen 
exposure, or disease severity. 

Relationship between cytokines and Arginase I induction 

[0090] As discussed above, embodiments of the invention relate to the discovery that 
the enzymes Arginase I and Arginase II are strongly upregulated during asthma, as shown in 
Example 8 below. Arginase catalyzes the reaction L-Arginine + H2O -> L-Ornithine + Urea. As is 
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known, arginase participates in the Krebs-Henseleit urea cycle and is most highly concentrated in 
mammalian liver. 

[0091] However in addition, it was discovered that lung Arginase I was markedly 
induced by the cytokines Interleukin-4 (IL-4) and Interleukin«13 (DL-13) in a Signal-Transducer- 
and-Activator-of-Transcription 6 (STAT-6) dependent manner. As discussed above, both IL-4 and 
IL-13 have been found to play a role in activating the inflammatory and residual effector pathways 
that result in clinical asthma and allergic indications, as indicated below in Example 9. Thus, drugs 
that block IL-4, DL-13, STAT6 are likely to reduce levels of arginase, and thus be a treatment for 
patients afflicted by asthma or allergies. As a corollary, decreases in arginase activity in biological 
fluids such as blood, sputum, lung fluid, biopies, at the like, may be an indication of positive 
responses to drugs such as glucocorticoids or anti-EL4, anti-IL-13, or anti-STAT6 compounds. 
Allergic airway inflammation is associated with increased production of lung putrescine. 

[0092] Other embodiments of the invention relate to our discovery that allergic 
responses, mediated by Th2 cytokines, may be associated with marked induction of arginine 
metabolism via arginase. To demonstrate that products downstream from arginase were actually 
overproduced in the allergic lung, we analyzed polyamine putrescine, an arginase-dependent 
metabolite of arginine. 

[0093] We discovered that OVA challenged mice had significantly increased levels of 
putrescine (14.7±5.6 vs. 32±13 nmol/g tissue [PO.05] in saline and OVA, respectively), when 
whole lung tissue was measured. The 2-fold increase in putrescine is remarkable, considering that 
the entire lung was measured. Because airway inflammation is linked with increased production of 
lung putrescine, one embodiment of the invention is decreasing lung levels of putrescine in order to 
provide an effective treatment for individuals with allergic lungs. Accordingly, one embodiment of 
the invention is the treatment of an allergic lung with compositions that reduce putrescine levels in 
the lung. Further, another embodiment of the invention is the detection and/or diagnosis of allergic 
lung by determining increased putrescine levels in the lung. 
Arginase is induced in human asthma 

[0094] The findings from the experimental asthma model in mice were found to 
correlate with human asthma (Figure 10). To translate the mouse model results into humans, 
arginase I protein expression in bronchoalveolar lavage fluid cells was analyzed from individuals 
with asthma and from control patients (Example 13). Using immunocytochemistry, there was a 
significantly higher number of cells expressing arginase I in the asthmatic group (Figure 10). 

[0095] In both groups, the immunopositive cells were predominantly mononuclear 
cells with macrophage morphology. A small population of immunopositive granulocytes was 
present in the asthmatic group. Additionally, in situ hybridization with arginase I sense probes 
revealed elevated levels of arginase I mRNA expression in the asthmatic lung compared with non- 
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asthmatic lungs (control). Arginase 1+ cells in the asthmatic lung included epithelial cells, as well 
as submucosal cells including smooth muscle and infiltrative myeloid cells. 
CAT2 is involved in diverse processes in experimental asthma. 

[0096] Another embodiment of the invention relates to the discovery that the amino 
acid transporter CAT2 is also involved in asthma pathogenesis through the arginase pathway. In 
order to determine which isoform of CAT was expressed in the asthmatic lung, we cloned lung 
CAT2 cDNA by PCR (Figure 9). 

[0097] We subsequently cloned the PCR product in a TA-vector (pCR2.1, Invitrogen, 
Inc) and digested the inserts with EcoW (that specifically digests in exon 8) and with BamHl (that 
specifically digests in exon 7) (Figure 9). All clone inserts analyzed (n=6) liberated the expected 
digestion products with BamUl, but were not digested with £coRL As a control, cDNA derived 
from the liver, liberated the expected 4 kb vector and the 600 and 100 bp insert products following 
digestion with EcoW alone, indicative of the CAT2A isoform. These results indicated that CAT2 
in the allergic lung was primarily the high affinity CAT2B isoform. 

[0098] Macrophages from CAT2 deficient mice have been shown to have a 95% 
decrease in L-arginine uptake and a marked impairment in NO production (Nicholson et al., J Biol 
Chem, 276:15881-5 (2001)). In order to examine the role of CAT2 in experimental asthma, CAT2 
deficient mice (and their littermate controls) were subjected to the OVA-induced experimental 
asthma regime. Microarray analysis was used to screen for a large set of potential endpoints, 
analyzing transcript profiles from these mice following allergen challenge. Notably, compared with 
wild type mice, CAT2 deficient mice had decreased levels of 6.8% of the allergen- induced gene 
products. One of these products was CAT2 itself, validating the genomic analysis. Interestingly, 
CAT2 deficient mice had impaired induction of molecules known to be critical in allergic airway 
responses including the chemokine TARC (Lloyd et al, J Exp Med, 191:265-74 (2000); Kawasaki 
et al., J Immunol, 166:2055-62 (2001)) and the enzyme 15-lipoxygenase (Sigal et al., J Lipid 
Mediat, 6:75-88 (1993); Kuitert et al., Thorax, 51:1223-8 (1996); Bradding et *L, Am J Respir Crit 
Care Med, 151:1201-4 (1995)). Additionally, the CAT2 deficient mice had impaired induction of 
small proline rich (SPR) protein 2A, an epithelial secreted molecule known to be important in 
extracellular matrix integrity (Cabral et s\.,JBiol Chem, 276:19231-7 (2001); De Heller-Milev et 
al., Br J Dermatol, 143:733-40 (2000)). For each gene, Northern blot analysis was used to confirm 
that CAT2 was indeed required for proper induction by allergen. 

[0099] Although CAT2 was originally described as a T cell activation molecule, its 
role in T cell-mediated immune responses has not been previously reported (MacLeod et al., J Exp 
Biol, 196:109-21 (1994)). The first indication that CAT2 may be involved in critically regulating 
substrate availability for iNOS or arginase was the findings that pro-inflammatory molecules (e.g. 
lipopolysaccharide) regulate CAT2 expression (MacLeod et al., J Exp Biol, 196:109-21 (1994)). 
The recent finding that CAT2 deficient macrophages have a marked impairment of arginine uptake 
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and NO production has solidified a role for CAT2 in immunological responses (Nicholson et al., J 
Biol Chem, 276:15881-5 (2001)). While amino acid transport by CAT2 is likely to have an impact 
on a number of biochemical pathways associated with asthma, microarray analysis was used to 
determine if CAT2 affects gene expression in the asthmatic lung. Indeed, we demonstrated that 
impairment in a select subpopulation of allergen-induced genes, including TARC and 15- 
lipoxygenase, genes that encode for proteins already demonstrated to be involved in some aspects 
of allergic airway responses (Kawasaki et al., J Immunoll, 166:2055-62 (2001); Sigal et al., J Lipid 
Medial, 6:75-88 (1993); Bradding et al, Am J Respir Crit Care Med, 151:1201-4 (1995)). CAT2 
may regulate gene expression and play a role in asthma by a number of mechanisms including 
direct effects on transcription, or alternatively via indirect effects mediated by a cascade of 
downstream biochemical signaling events. 
Methods That Decrease Or Inhibit CAT2 In The Lung May Be Useful To Treat Or Prevent 
Asthma or Allergies 

[0100] Because of this role of CAT2 in asthma, it may be useful to treat asthma or 
allergies with compositions that are capable of decreasing or inhibiting CAT2 in the lung. This 
may be accomplished, for example, by administering CAT2 inhibitors to the lung. This may also 
be accomplished by administering antisense fragments of the CAT2 gene sequences, or by 
administering a nucleic acid vector sequence that is capable of delivering such antisense fragments 
to the lung. Any method that is capable of decreasing CAT2 expression or function may be useful 
for the treatment of asthma or allergies. 

Treatment of Asthma or allergies by increasing CAT2 in particular tissues 

[0101] Yet another embodiment of the invention includes increasing the levels of 
CAT2 in particular tissues of a patient in order to provide a protective response related to the 
production of the bronchodilator NO by eNOS. This relates to the fact that increasing CAT2 levels 
or function will increase NO production. One embodiment of the invention includes administering 
to a patient a compound that increases CAT2 in specific cell types in the lung (e.g. endothelial 
cells), but decreases arginase in other cells in the lungs. 
Relationship of ADAM-8 to asthma 

[0102] Another embodiment of the invention relates to the discovery that induction of 
ADAM-8, also known as CD 156, was shown to occur in a distinct model of asthma that was 
induced by repeated mucosal allergen challenges with the aeroallergen Aspergillus jwnigatus. 
Having identified ADAM-8 as part of the genetic program associated with antigen induced airway 
inflammation, it was relevant to dissect the signals that were specifically involved in regulating its 
expression. The expression of ADAM-8 was strongly increased by IL-4 and IL-13 delivery to the 
lungs, and its induction was largely independent of signal-transducer-and-activator-of-transcription 
(STAT)-6. Thus, treatments which reduce the level of ADAM-8 in a patient are anticipated to 
provide a therapeutic benefit In addition, asthma and allergy can be diagnosed in a patient by 
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looking for increased levels of ADAM-8, wherein such increased levels are indicative of asthma or 

allergy. 

[0103] ADAM-8 belongs to the ADAM (a disintegrin and metalloprotease) family of 
type I transmembrane proteins (Yamamoto, S., Higuchi, Y., Yoshiyama, K., Shimizu, E., Kataoka, 
M., Hijiya, N., and Matsuura, K. 1999. ADAM family proteins in the immune system. Immunol 
Today 20:278-284). While ADAMs 1 through 7 are mainly expressed in the reproductive organs 
and appear to play a role in sperm-egg fusion and spermatogenesis, other members of this family 
are more widely expressed. A role for specific members of the ADAM family (ADAM- 10 and 
ADAM- 17) has been demonstrated in the immune system where they are involved in processing of 
the cell surface precursor form of TNF-a- A role for ADAM-8 in the immune system is also likely. 
This protein was identified from a macrophage cDNA library and has since been documented in 
PMNs and macrophages in mouse and human (Yoshiyama, K., Higuchi, Y., Kataoka, M., 
Matsuura, K., and Yamamoto, S. 1997. CD156 (human ADAMS): expression, primary ammo acid 
sequence, and gene location. Genomics 41:56-62). A transgenic mouse expressing the extracellular 
portion of ADAM-8 in liver and kidneys demonstrated neutrophil infiltration following oxazolone- 
mediated contact hypersensitivity. It has also been demonstrated that ADAM-8 gene expression is 
upregulated by LPS and IFN-y (Kataoka, M., Yoshiyama, K, Matsuura, K, Hijiya, N., Higuchi, Y., 
and Yamamoto, S. 1997, Structure of the murine CD 156 gene, characterization of its promoter, and 
chromosomal location. J. Biol. Chem. 272:18209-18215). 

[0104] However, the role of ADAM-8 in allergic responses has previously not been 
established. Although the above-described microarray contained 18 members of the ADAM 
family, there was only one ADAM gene that was significantly induced. This gene was 
reproducibly identified at high levels in each of the allergen treated mice compared with- saline 
treated mice. In addition, because members of the ADAM family of type I transmembrane proteins 
have been implicated in regulating immune responses (e.g. proteolytic processing of the cell surface 
TNF-a precursor) (Black, R.A., Rauch, C.T., Kozlosky, C.J., Peschon, J.J., Slack, J.L., Wolfson, 
M.F., Castner, B.J., Stocking, KL., Reddy, P., Srinivasan, S., et al. 1997. A metalloproteinase 
disintegrin that releases tumour-necrosis factor-alpha from cells. Nature 385:729-733), this 
molecule represented a potentially important novel pathway in experimental asthma. Northern blot 
analysis was subsequently used to confirm that ADAM-8 was indeed induced by allergen challenge 
compared to its low level of constitutive expression in the lung, spleen, and testis. 
ADAMS induction in a distinct astlvna model. 

[0105] We determined if the association of ADAM-8 with the experimental asthma 
model was limited to the specific model employed widi OVA. Accordingly, we induced 
experimental asthma by repeated doses of Aspergillus fumigatus intranasal antigens (Huang, W.W., 
Garcia-Zepeda, E.A., Sauty, A., Oettgen, H.C., Rothenberg, M.E., and Luster, A.D. 1998. 
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Molecular and biological characterization of the murine leukotriene B4 receptor expressed on 
eosinophils. J. Exp. Med. 188:1063-1074.)- It is noteworthy that this model does not involve 
intraperitoneal sensitization and that Aspergillus fmnigatus is a ubiquitous common aeroallergen. 
Eighteen hours after nine doses of intranasal Aspergillus fumigatus, total lung RNA was subjected 
to Northern blot analysis and probed for ADAM-8. Compared with mice challenged with nine 
doses of intranasal saline, Aspergillus fumigatus challenged mice had marked ADAM-8 mRNA 
expression. Thus, the induction of ADAM-8 by allergen challenge was not specific to the antigen 
employed but appeared to be a gene involved in the genetic program of experimental asthma 
(Figure 6 and Table 1). 
Regulation of ADAMS expression 

[0106] Having identified ADAM-8 as a novel gene associated with allergic airway 
responses, we were interested in dissecting the molecules involved in ADAM-8 regulation. 
Because a central feature of allergic responses is the overexpression of Tli2 cytokines such as IL-4 
and IL-13, we next determined if these cytokines could directly induce ADAM-8 expression. In 
order to test this hypothesis, we examined ADAM-8 expression in transgenic mice overexpressing 
IL-4 specifically in the lung. 

[0107] Compared to wild type mice, IL-4 lung transgenic mice had markedly elevated 
levels of ADAM-8 mRNA expression. We next tested the ability of IL-13 delivery to the lungs to 
induce ADAM-8. Pharmacological delivery of IL-13 to the lung via an intranasal approach induced 
increased levels of ADAM-8 mRNA compared with saline treated animals. IL-4 and IL-13 share a 
common receptor signaling pathway that involves post-receptor events that are STAT-6 dependent 
and independent. We were therefore interested in determining if STAT-6 was required for ADAM- 
8 induction. In order to test this hypothesis, we examined ADAM-8 expression in EL-4 lung 
transgenic mice that were STAT-6 wild-type or gene deleted. Interestingly, Northern blot analysis 
was also used to determine that EL-4 induced ADAM-8 expression was largely STAT-6 
independent 

Treatment of Asthma or Allergies by modulating levels of ADAM-8 expression in the lung 

[0108] Accordingly, another embodiment of the invention is a method of for treating 
asthma or allergies by administering to a patient a composition that reduces the level of ADAM-8 in 
the patient This may be accomplished, for example, by administering ADAM-8 inhibitors to the 
lung. This may also be accomplished by administering antisense fragments of the ADAM-8 gene 
sequences, or by administering a nucleic acid vector sequence that is capable of delivering such 
antisense fragments to the lung. Any method that is capable of decreasing ADAM-8 expression 
may be useful for the treatment of asthma or allergies. Further, detection and quantitation of 
variabilities in ADAM-8 levels or gene sequences in a patient may be useful to diagnose the 
presence or severity of asthma or allergies. 
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[0109] It will be understood by those of skill in the art that numerous and various 
modifications can be made without departing from the spirit of the present invention. A more 
complete understanding can be obtained by reference to the following specific examples which are 
provided herein for purposes of illustration only and are not intended to limit the scope of the 
invention. 

EXAMPLES 
Example 1 
Rx perimental asthma induction in mice 
[0110] Balb/c mice were obtained from the National Cancer Institute (Frederick, MD) 
and housed under pathogen-free conditions. Asthma models were induced by intraperitoneal 
injection with OVA and 1 mg aluminum hydroxide (alum) on days 0 and 14, followed by 
intranasal OVA or saline challenge (under conditions which promote delivery of the protein to the 
lung) on days 24 and 27, Aspergillus Jumigatus antigen induced asthma was induced over the 
course of three weeks by repeated intranasal application of the protein to anesthetized mice as 
described in Huang, W.W., Garcia-Zepeda, EA., Sauty, A., Oettgen, H.C., Rothenberg, M.E., and 
Luster, A.D. 1998. Molecular and biological characterization of the murine leukotriene B 4 receptor 
expressed on eosinophils. J. Exp. Med. 188:1063-1074 and Mishra, A., Weaver, T.E., Beck, D.C., 
and Rothenberg, M.E. 2001. Interleukin-5-mediated allergic airway inflammation inhibits the 
human surfactant protein C promoter in transgenic mice. J. Biol Chem. 276:8453-8459. 

Example 2 

Preparation of RNA and microarrav hybridization 
[0111] RNA was extracted using the Trizol reagent as per the manufacturer's 
instructions. Following Trizol purification, RNA was repurified with phenol-chloroform extraction 
and ethanol precipitation. Microarray hybridization was performed by the AFFYMETRDC Gene 
Chip Core facility at Children's Hospital Medical Center. Briefly, RNA quality was first assessed 
using the Agilent bioanalyzer (Agilent technologies, Palo Alto, CA) and only those samples with 
28S/18S ratios between 1.3 and 2 were subsequently used. RNA was converted to cDNA with 
Superscript choice for cDNA synthesis (Invitrogen, Carlsbad, CA) and subsequently converted to 
biotinylated cRNA with Enzo High Yield RNA Transcript labeling kit (Enzo diagnostics, 
Farmingdale NY). After hybridization to the murine U74Av2 GeneChip (Affymetrix, Santa Clara, 
CA), the gene chips were automatically washed and stained with streptavidto-phycoerythrin using a 
fluidics system. The chips were scanned with a Hewlett Packard GeneArray Scanner. This analysis 
was performed with one mouse per chip (n ^ 3 for each allergen challenge condition and n ^ 2 for 
each saline challenge condition). 
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Example 3 
Northern blot and RT-PCR analysis 
[0112] RNA was extracted from the lungs of wild-type Balb/c mice, IL-4 Clara cell 10 
lung transgenic mice (Rankin et al., Proceedings of the National Academy ofScieitces of the United 
States of America, 93:7821-7825 (1996)) containing wild-type or deleted copies of the gene for 
STAT6 (Shimoda et al., Nature, 380:630-3 (1996)), and from the lungs of mice treated with saline 
or recombinant murine IL-13, as previously reported (Yang et al., Am J Respir Cell Mo! Biol 
25:522-30 (2001); Pope et al, J Allergy Clin Immunol 108:594-601 (2001)). The cDNA probes, 
generated by PCR or from commercially available vectors [Image Consortium obtained from 
American Tissue Culture Collection, RockviUe, MD or Incyte Genomics, Palo Alto, CA], were 
sequence confirmed, radiolabeled with 32 P, and hybridized using standard conditions. RT-PCR, 
using standard procedures with gene specific primers, was performed using lung cDNA as template. 

Example 4 
Data analysis 

[0113] From data image files of the gene chips, gene transcript levels were determined 
using algorithms in the Microarray Analysis Suite Version 4 software (Affymetrix). Global scaling 
was performed in order to compare genes from chip to chip; thus each chip was normalized to an 
arbitrary value (1500). Each gene is typically represented by a probe set of 16 to 20 probe pairs. 
Each probe pair consists of a perfect match oligonucleotide and a mismatch oligonucleotide lliat 
contains a one base mismatch at a central position. Two measures of gene expression were used, 
absolute call and average difference. Absolute call is a qualitative measure in which each gene is 
assigned a call of present, marginal or absent based on the hybridization of the RNA to the probe 
set. Average difference is a quantitative measure of the level of gene expression, calculated by 
taking the difference between mismatch and perfect match of every probe pair and averaging the 
differences over the entire probe set. Differences between saline and OVA-treated mice were also 
determined using the GeneSpring software (Silicon Genetics, Redwood City, CA). Data for each 
allergen challenge time point was normalized to the average of the saline-treated mice. Gene lists 
were created that contained genes with PO.05 and >2-fold change. GenBank were used for 
assignment of cDNAs from unknown expressed sequence tags. Functional classifications were 
based on the Gene Ontology classification [Ashburner, 2000 #2003] obtained through the NetAffic 
server (www.netafBt.com) and public information in GenBank. The significance of differences 
between the means of experimental groups were analyzed using Student's unpaired t-test Values 
were reported as the mean ± standard error of the mean (SEM). Differences in mean values were 
considered significant if P< 0 .05 . 
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Example 5 
Plethysmography Measurements 
[0114] Airway reactivity to methacholine was assessed in conscious, unrestrained 
mice by barometric plethysmography, using apparatus and software supplied by Buxco (Troy, NY). 
This system yields a dimensionless parameter known as enhanced pause (Penh), reflecting changes 
in wave-form of the pressure signal from the plethysmography chamber combined with a timing 
comparison of early and late expiration, which can be used to empirically monitor airway function. 
Measurement was performed as previously described in Yang, M. et al. (AmJRespir Cell Mol Biol 
25, 522-30 (2001) and Hamelmann, E. et al. American Journal of Respiratory & Critical Care 
Medicine 156, 766-75 (1997). 

[0115] Briefly, mice were placed in the chamber and baseline reading taken and 
averaged for 3 minutes. Aerosolized methacholine (concentrations in solution ranging from 3.125 to 
50 mg/ml) was then delivered through an inlet into the chamber for 2 min and readings averaged 
over a period of 3 min after each dose was administered. 

Example 6 

Measurement of Arginase activity a nd putrescine levels 
[0116] Arginase activity was measured using the blood urea nitrogen reagent (Sigma 
Chemical Company, St Louis, MO) according to established techniques as exemplified in Wei, 
L.H., et al., Proc Natl Acad Sci USA 98, 9260-4. (2001); Li, H. et al. Am J Physiol Regul Integr 
Comp Physiol 282, R64-R69. (2002); Wei, L.H. et al., Am J Physiol Cell Physiol 21% C248-56. 
(2000). To measure levels of putrescine following acid extraction, ion-pair reverse phase high 
performance liquid chromatography was performed. 

Example 7 

In situ hybridization to localize Areinase I mRNA 
[0117] To determine the cellular location of the Arginase I mRNA, in situ 
hybridization was performed. Tissue was analyzed 18 hours after the second saline or allergen 
challenge. To prepare the probe, the murine arginase I cDNA in plasmid pCMV-SPORTT6 (Incyte 
Genomics, St. Louis, MO) was linearized by EcoFl or Notl digestion. Antisense and sense RNA 
probes were generated respectively by T7 and T3 RNA polymerase (Riboprobe Gemini Core 
System II transcription kit, Promega, Madison, WI). The radiolabeled [aS 35 -UTP] probes were 
reduced to an average length of 200 bases by controlled alkaline hydrolysis. The hybridization 
signal of the arginase I antisense (AS) and sense (S) probes was determined for OVA/alum 
sensitized mice challenged with two doses of OVA or Saline. The hybridized slides were washed 
under either high-stringency conditions. Hybridization of the antisense and sense probes in saline 
challenged lung was comparable to background. 
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Example 8 
Analysis of Argin ase T expression 
[0118] The above-described Gene chip analysis was used to measure expression of 
genes encoding arginine metabolizing enzymes arginase I and iNOS at three hours after one 
challenge or at eighteen hours after either one or two challenges. Additionally, Northern blot 
analysis of arginase I and iNOS expression also revealed that OVA-induced allergy resulted in no 
noticeable expression of arginase I at three hours, but considerable expression at 18 hours, and a 
high level of expression at 18 hours when two challenges were initially performed. In contrast, 
Northern blot analysis of iNOS expression was not visible. Activity of the arginase enzyme activity 
in the lungs of saline and OVA-challenged mice (Figure 5D) was measured in lung lysates using the 
blood urea nitrogen reagent As a control, arginase activity in the liver was 1522 ± 183 and 1390 ± 
78 for saline and OVA challenged mice, respectively. 

Example 9 

Analysis of Arginase I with respect to I L-4 and IL-3 
[0119] In order to elucidate the asthma-associated signals that induce arginase in the 
lung, the study focused on determining if arginase I was downstream from the Th2 cytokines IL-4 
and IL-13. Northern blot analysis of arginase I in IL-4 lung transgenic mice and IL-13 treated lungs 
was performed. Compared to wild type mice, IL-4 lung transgenic mice expressed markedly 
elevated levels of arginase I. Furthermore, pharmacological delivery of IL-13 to the lung increased 
arginase I mRNA compared with saline treated animals. IL-4 and IL-13 share similar signaling 
requirements in part such as utilization of the IL4Ra chain and the induction of janus kinase 1 and 
signal-transducer-and-activator-of-transcription (STAT)6. In order to determine if arginase I 
induction was dependent upon STAT6, IL-4 lung transgenic mice containing wild type or gene 
targeted STAT6 were examined. The IL-4 induced arginase I expression was found to be STAT-6 
dependent. Additionally, allergen induced arginase I induction was also found to be STAT-6 
dependent. 

[0120] These studies are consistent with the ability of IL-4 and IL-13 to induce 
arginase in macrophages in vitro, thereby limiting NOS-dependentNO production. The findings do 
not negate a role for nitric oxide in asthma, rather we propose that arginine is metabolized largely 
by arginase in the asthmatic lung. This proposal is supported by the recent observation that NOS 
and arginase are differentially regulated during Thl and Th2-associated granulomatous responses in 
mice, respectively. 

Example 10 

Overexpression of IL-4 potently induces lung arginase in vivo 
[0121] Because asthma is a Th2 associated process and because IL-4 has been shown 
to induce arginase in several cell lines in vitro (e.g. macrophages, smooth muscle cells) (Munder, 
M. et al. J Immunol 163, 3771-7 (1999); Wei, L.H., et al., Am JPliysiol Cell Plrysiol 11% C248-56 
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(2000)), we were interested in testing the hypothesis that overexpression of IL-4, particularly in the 
lungs, was sufficient for induction of arginase. Mice that overexpress the IL-4 transgene in 
pulmonary epithelium (under the control of the Clara cell 10 promoter) have several features of 
asthma including eosinophil-rich inflammatory cell infiltrates, mucus production, and changes in 
baseline airway tone (Rankin, J.A. et al. Proc. Nat Acad Set USA. 93, 7821-7825 (1996)). We 
hypothesized that arginase mRNA would be induced by the IL-4 transgene. Indeed, IL-4 lung 
transgenic mice had a marked increase mRNA levels of both arginase isotypes. Additionally, 
CAT2 was also induced in the IL-4 lung transgenic mice. 

Example 1 1 

IL-13 rapidly induces arginase in a time frame that 
correlates with Airway Hyperrespon siveness (AHRV 
[0122] To determine if lung arginase was also induced by IL-13, (a cytokine that has 
been shown to be critically involved in the development of several features of experimental asthma 
(Wills-Karp, M., J Allergy Clin Immunol 107, 9-18 (2001); Grunig, G. et al. Science 282, 2261-3 
(1998)), and to induce arginase in cell lines in vitro (Wei, L.H., et al., Am J Physiol Cell Physiol 
279, C248-56 (2000); Rutschman, R. et al.. J Immunol 166, 2173-7 (2001)), we administered IL-13 
by repeated intranasal application to anesthetized mice. Tins protocol induces several features of 
experimental asthma including eosinophilic inflammation, chemokine induction, mucus production, 
and AHR (Grunig, G. et al. Science 282, 2261-3 (1998); Yang, M. et al. Am J Respir Cell Mol Biol 
25, 522-30 (2001)). IL-13 administration induced marked levels of arginase I mRNA compared 
with saline treated control mice. Consistent with the finding that IL-4 transgenic mice had elevated 
levels of arginase II mRNA, IL-13 also increased arginase II mRNA levels. 

[0123] One dose of intratracheal IL-13 induces marked AHR within 12 hours; IL-13- 
induced AHR precedes leukocyte recruitment into the airway (Yang, M. et al. Am J Respir Cell 
Mol Biol 25, 522-30 (2001), suggesting that the ability of EL- 13 to induce early AHR is dissociated 
from infiltrating leukocytes. Therefore, a kinetic analysis of IL-13 induction of arginase was 
performed. Notably, after only one dose of IL-13, the mRNA for the type I isoenzyme was already 
induced at the 12 hour timepoint (Figure 8 A); the type II isotype was constitutively present and 
induced to a lesser extent. Induction of arginase was detectable when early AHR developed. The 
early induction of arginase and AHR precedes leukocyte recruitment (Yang, M. et al., supra). We 
propose that the induction of AHR by IL-13 may be related to the ability of arginase to functionally 
inhibit production of the bronchodilator NO by substrate depletion (Morris, S.M., Jr. Annual Review 
of Nutrition 22, 87-105 (2002); Mills, CD. Crit Rev Immunol 21, 399-425 (2001). 
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[0124] 



IL-4Ra chain and the induction of janus kinase 1 and STAT6. A subset of their responses has been 
shown to be STAT6 dependent (Shimoda, K. et al. Nature 380, 630-3 (1996); Ihle, IN. Curr Opin 
Cell Biol 13, 211-7 (2001)). In order to test the role of STAT6 in the induction of arginase I in vivo, 
EL-4 lung transgenic mice that contained wild-type or gene targeted STAT6 were examined. 
Whereas EL-4 lung transgenic mice contained abundant arginase I mJRNA, in the absence of 
STAT6, there was a complete loss of the IL-4 induced arginase I mRNA. Interestingly, the IL-4 
transgene-induced arginase II mRNA signal was only partially attenuated (if at all) in STAT6- 
deficient mice, indicating that arginase II, in contrast to arginase I, was largely STAT6- 
independent. These findings support in vitro studies that have demonstrated shared and distinct 
signaling requirements for these two isoenzymes (Morris, S.M., Jr. Annual Review of Nutrition 22, 
87-105 (2002). The next focus of the laboratory was to determine if allergen-induced arginase was 
dependent upon STAT6. This would determine if allergen induced arginase was predominantly 
downstream from IL-4 and EL-13 signaling. Notably, mice deficient in STAT6 had a 90% 
reduction in allergen-induced lung arginase activity (Figure 8B), suggesting that arginase I was the 
predominant inducible isotype in the asthmatic lung. Taken together, these findings indicate that 
induction of arginase during allergic lung inflammation is largely downstream from IL-4, IL-13, 
and STAT6. These results are consistent with the recent finding that IL-4 and IL-13 inhibit NO 
production in macrophages by a STAT6-dependent pathway (Rutschman, R. et al. J Immunol 166, 
2173-7 (2001). Consistent with these findings, the murine arginase I promoter contains a single 
STAT6 site that is required for response to EL-4 (Morris, S.M., Jr. Annual Review of Nutrition 22, 
87-105 (2002). 



[0125] Fiberoptic bronchoscopy of allergic asthmatics (not taking glucocorticoids for 
12 weeks) and healthy controls following their informed consent was conducted, as previously 
reported (Olivenstein et al., J Allergy Clin Immunol 103, 238-45 (1999). Immunohistochemistry of 
cytospins (following methanol/acetone fixation) were stained with monoclonal mouse IgGl anti- 
human arginase I (BD Biosciences) using 1/100 dilution. The slides were developed in Fast Red 
(Sigma Chemical) in the presence of levamisole, as described in Hamid, Q. Immunohistochemistry.. 
in Allergy and Allergic Disease, 1:775-778 (Blackwell Science Ltd, London, 1997). For negative 
control preparations, the primary antibody was replaced by saline or non-immune mouse IgGl. A 
minimum of 1000 cells on blindly coded cytospin slides were scored for the number of positive 
cells, expressed as a percentage of total cells. 



Example 13 

Analysis of human bronchoalveolar lavage cells 
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Example 14 

Determination of Allergy Signature Genes 

[0126] Mice were sensitizing twice, two weeks apart, with 50jxg of ovalbumin (OVA 

grade V; SIGMA A-5503) in the presence of lmg of the aluminum potassium sulfate adjuvant 

(alum: ALK(S04)2-12H 2 0; SIGMA A-7210), by intraperitoneal injection. Before each intragastric 

challenge, mice were deprived of food for 3 to 4 hours. Three times a week, mice were held in the 

supine position and orally administered soluble OVA dissolved in 250^1 of 0.9% sterile saline. 

Challenges were performed with intragastric feeding needles (22G - 1 .Sin - 1.25mm ball; Fisher 01- 

290-2B). Diarrhea was assessed by visually monitoring mice for 1 hour following oral allergen 

challenge. 

[0127] Following Trizol purification, RNA was repurified with phenol-chloroform 
extraction and ethanol precipitation. Purified RNA from 4 saline treated and 4 OVA challenged 
mice (obtained 90 minutes after 10 OVA or saline challenges) were then pooled together and 
processed at Children's Hospital Medical Center Affymetrix Gene Chip Core facility. Briefly, RNA 
quality was first assessed using the Agilent bioanalyzer (Agilent Technologies, Palo Alto, CA) and 
only those samples with 28S/18S ratios between 1.3 and 2 were subsequently used. RNA was 
converted to cDNA with Superscript choice for cDNA synthesis (Invitrogen, Carlsbad, CA) and 
subsequently converted to biotinylated cRNA with Enzo High Yield RNA Transcript labeling kit 
(Enzo diagnostics, Farmingdale NY). 

[0128] After hybridization to the murine U74Av2 GeneChip (Affymetrix, Santa Clara, 
CA), the gene chips were automatically washed and stained with streptavidin-phycoerythrin using a 
fluidics system. The chips were scanned with a Hewlett Packard GeneArray Scanner. From data 
image files, gene transcript levels were determined using algorithms in the Microarray Analysis 
Suite Version 4 software (Affymetrix). Two measures of gene expression were used, absolute call 
and average difference. Absolute call is a qualitative measure in which each gene is assigned a call 
of present, marginal or absent based on the hybridization of the RNA to the probe set Average 
difference is a quantitative measure of the level of gene expression, calculated by taking the 
difference between mismatch and perfect match of every probe pair and averaging the differences 
over the entire probe set 

[0129] Differences between saline and allergen-treated mice were also determined 
using the GeneSpring software (Silicon Genetics, Redwood City, CA). Data were normalized to 
the average of the saline-treated mice. Gene lists were created that contained genes with p<0.05 and 
>2-fold change (using genes that received a present call based on the hybridization signal). 
Subsequently, genes lists between asthma "signature" genes and GI allergy "signature" genes were 
overlapped to obtain a common set of generalized "allergy" signature genes. 
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Example 15 

Inhibition of Lung Arginase with NOHA in vitro and in vivo 
[0130] EL-4 lung transgenic mice, which have markedly elevated level of lung 
arginase mRNA and activity, were used to examine the effect of NOHA in vitro and in vivo (Figure 
11). In Figure 11 A, lung lysates from IL-4 lung transgenic mice were incubated with NOHA and 
the arginase activity at different doses of NOHA (x axis) and arginine is shown. In Figure 1 IB, EL- 
4 transgenic mice were treated with intratracheal NOHA (two doses: 10 and 100 meg) and the 
arginase activity in the lungs was measured 4 hrs later. As indicated, NOHA was effective to 
reduce arginase activity in lung lysates and when given intratracheally to IL-4 transgenic mice. 

Example 16 

Treatment of Individual with Anti- Arginase Compound 
[0131] An individual suffering from asthma is identified. The individual is 

provided with a therapeutically effective amount of N(omega>hydroxy-L-arginine to reduce the 
indications of asthma. Following inhalation of the compound the individual's asthma symptoms are 
reduced. 

Example 17 

Additional compounds that Regulate Arginase Down-stream Products 
[0132] Difluoromethylornithine (DFMO) is an inhibitor of ODC and is expected to be 
a useful treatment for inhibiting asthma or allergy. Other potentially useful compounds include but 
are not limited to N(omega)-hydroxy-L-arginine and boronic acid based transition state analogues 
such as 2(S)-amino-6-boronohexanoic acid (ABH) and S-(2-boronoethyl)-L-cysteine (BEC), which 
may inhibit asthma symptoms. Other inhibitors are described by Que, et al. (Nitric Oxide. 2002 
Feb;6(l):l-8). 

Example 18 

Effect of the Arginase pathway inhibitor DFMO on immunopathogenesis 
[0133] A blockade in the arginase pathway that is downstream of arginase action may 
have an important effect on experimental asthma in mice. DFMO is an irreversible inhibitor that 
blocks ornithine decarboxylase (ODC) action, die biochemical step that catalyzes the synthesis of 
putrescine from the precursor molecule ornithine. DFMO is a commercially available drug (Sigma 
and Ilex Oncology, Inc) that has been well studied in multiple species including mice (Prakash, et al 
(1978) Cancer Res 38:3059-3062; Meyskens and Gerner (1999) Clin. Cancer Res 5:945-951). 

Example 19 

Effect of the administration of the Arginase pathway 
inhibitor DFMO After asthma induction in the experimental murine asthma model. 
[0134] Agents that block arginase pathways in the lung may be useful to alleviate or 
reduce the effects of asthma once it has established itself in the lung of the patient. To determine 
whether blocking the arginase pathway has any effect, the exemplary inhibitor of arginase pathway 
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activity, DFMO, is administered to a patient by conventional means. It is discovered that the 
patients receiving DFMO show lower effects of asthma as compared to patients treated with saline. 

Example 20 

Effect of the administration of the arpinase I inhibitor 
NOHA on the development of allergen-induced airway hvper responsiveness. 

[0135] Airway reactivity to methacholine was assessed in conscious, unrestrained 
mice by barometric plethysmography, using apparatus and software supplied by Buxco (Troy, NY). 
This system yields a dimensionless parameter known as enhanced pause (Penh), reflecting changes 
in wave-form of the pressure signal from the plethysmography chamber combined with a timing 
comparison of early and late expiration, which can be used to empirically monitor airway function. 
Measurement was performed as previously described in Yang, M. et al. (Am J Respir Cell Mol Biol 
25, 522-30 (2001) and Hamelmann, E. et al. American Journal of Respiratory & Critical Care 
Medicine 156, 766-75 (1997). 

[0136] Briefly, mice were placed in the chamber and baseline reading taken and 
averaged for 3 minutes. Aerosolized methacholine (concentrations in solution ranging from 3.125 to 
50 mg/ml) was then delivered through an inlet into the chamber for 2 min and readings averaged 
over a period of 3 min after each dose was administered. 

[0137] To study the effect of NOHA, IL-4/IL-5 transgenic lungs (that have increased 
airway hyperresponsiveness as measured by Penh) were exposed to intratracheal NOHA (100 meg) 
and Penh measurements were recorded 4 hrs later (Figure 12). As a control, the value of Penh in 
untreated IL4/IL5 lung transgenic mice is shown. 

[0138] While the present invention, including preferred embodiments, has been 
described fully and completely herein, it is to be understood that modifications will occur to those 
skilled in the art without departing from the spirit of the invention. Thus, although this invention has 
been described in terms of certain preferred embodiments, other embodiments which will be apparent 
to those of ordinary skill in the art in view of the disclosure herein are also within the scope of this 
invention. Accordingly, the scope of the invention is intended to be defined only by reference to the 
appended claims and any equivalents thereof. 
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WHAT IS CLAIMED IS: 

1 . Use of a compound that decreases the production of a protein involved in arginine 
metabolism in the preparation of a medicament for treating asthma or allergies 

2. The compound of Claim 1, wherein said protein is selected from the group consisting 
of: CAT2, arginase I and arginase II. 

3. The compound of Claim 1, wherein said molecule decreases the production of said 
protein by inhibiting a gene encoding said protein. 

4. The compound of Claim 1, wherein said compound is N(omega)-hydroxy-L-arginine 
(NOHA). 

5. The compound of Claim 1 in association with a pharmaceutically acceptable carrier. 

6. A method of detecting the presence of asthma or allergies in a patient comprising: 

measuring the levels a product produced from at least one gene involved in arginine 
metabolism from said patient; 

measuring genetic variabilities (in expression or gene sequence) from a product 
produced from at least one gene involved in arginine metabolism; and 

comparing said measurement to measurements obtained from control individuals, 
wherein a patient exhibiting higher levels of said at least one gene as compared to the 
control individuals is determined to have asthma or allergies. 

7. The method of Claim 6, wherein said at least one gene is selected from the group 
consisting of: CAT2, arginase I, and arginase II. 

8. The method of Claim 6, wherein said product is an mRNA. 

9. The method of Claim 6, wherein said product is a protein. 

10. A method of identifying individuals at risk for asthma or allergies, comprising: 

identifying an individual who does not yet exhibit symptoms of asthma or allergy, 
measuring the levels of a product produced from a gene in the arginase pathway; 

and 

comparing said levels of product to measurements obtained from control 
individuals, wherein a patient exhibiting elevated levels of said product is determined to be 
at risk for asthma or allergies. 

11. The method of Claim 10, wherein said gene in the arginase pathway is selected from 
the group consisting of: Arginase I, Arginase n, and CAT2. 

12. The method of Claim 10, wherein said product in mRNA. 

13. The method of Claim 10, wherein said product is a protein. 

14. A method of treating asthma or allergies in a patient, comprising: 

identifying an individual in need of treatment for asthma or allergies; and 
administering a molecule that is capable of decreasing activity of ADAM8 protein 
in said patient 

-42- 



BNSDOCID: <WO 03073990A2 I > 



WO 03/1173990 PCT/US03/06183 

15. The method of Claim 14, wherein said molecule changes the structure of ADAM8. 

16. The method of Claim 15, wherein the molecule converts ADAMS from a 
transmembrane to a soluble form. 

17. The method of Claim 14, wherein said molecule decreases activity of ADAMS by 
inhibiting a gene encoding the ADAMS protein. 

18. The method of Claim 14, farther comprising administration of a compound capable of 
decreasing or inhibiting pulmonary levels of Interleukin-4 or Interleukin-13. 

19. A method of treating asthma or allergies in a patient, comprising: 

identifying an individual in need of treatment for asthma or allergies; and 
administering a molecule that is capable of decreasing activity of SPRR2A, 
SPRR2B or related SPKR family member proteins in said patient. 

20. The method of Claim 19, wherein said molecule decreases activity of SPRR2A protein 
by inhibiting a gene encoding the SPRR2A protein. 

21. The method of Claim 19, wherein said molecule decreases activity of SPRR2B protein 
by inhibiting a gene encoding the SPRR2B protein. 

22. A method of determining a patient's risk for developing asthma, comprising: 

providing a biological sample from the patient; and 

determining the expression level in the biological sample of a subset of the genes 
shown in Table 1, wherein an increased level of expression of said subset of the genes in 
comparison to a control biological sample is indicative that the patient has an increased risk 
for developing asthma. 

23. The method of Claim 22, wherein said subset comprises at least 1 percent of the genes 
shown in Table 1. 

24. The method of Claim 22, wherein said subset comprises at least 30 percent of the genes 
shown in Table 1. 

25. The method of Claim 22, wherein said subset comprises at least 50 percent of the genes 
shown in Table 1. 

26. The method of Claim 22, wherein said subset comprises at least 80 percent of the genes 
shown in Table 1. 

27. A method of determining a patient's risk for developing allergies, comprising: 

providing a biological sample from the patient; and 

determining the expression level in the biological sample of a subset of the genes 
shown in Table 2, wherein an increased level of expression of said subset of the genes in 
comparison to a control biological sample is indicative that the patient has an increased risk 
for developing allergies. 

28. The method of Claim 27, wherein said subset comprises at least 1 percent of the genes 
shown in Table 2. 
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29. The method of Claim 27, wherein said subset comprises at least 30 percent of the genes 
shown in Table 2. 

30. The method of Claim 27, wherein said subset comprises at least 50 percent of the genes 
shown in Table 2. 

31. The method of Claim 27, wherein said subset comprises at least 80 percent of the genes 
shown in Table 2. 

32. A method of discovering a compound that is effective for treating asthma or allergies, 
comprising: 

providing a candidate compound; 

determining whether said compound inhibits aginine metabolism, wherein 
inhibition of arginine metabolism is indicative that said compound is effective for treating 
asthma or allergies. 

33. The method of Claim 32, wherein said compound is an inhibitor of Arginase I activity. 

34. The method of Claim 32, wherein said compound is an inhibitor of Arginase II activity. 

35. The method of Claim 32, wherein said compound is an inhibitor of CAT2 activity. 

36. A method of treating asthma or allergies in a patient, comprising: 

identifying an individual in need of treatment for asthma or allergies; and 
administering a molecule that is capable of decreasing the production of a protein 
involved in arginine metabolism. 

37. The method of Claim 36, wherein said protein is selected from the group consisting of: 
CAT2, arginase I and arginase II. 

38. The method of Claim 36, wherein said molecule decreases the production of said 
protein by inhibiting a gene encoding said protein. 

39. The method of Claim 36, further comprising administration of a compound capable of 
decreasing or inhibiting pulmonary levels of Interleukin-4 or Interleukin-13. 
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